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PREFACE. 


This l)oolt, most of which is ei transciipt of some 
lectures I delivered this year, gives a concise account 
of the history of mathematics, I have tried to make it 
as little technical as possible, and I hope that ^it will 
be intelligible to any one who is aecpiainted with the 
elements of mathematics. Partly to facilitate this, partly 
to gain space, I have generally made use of modern 
notation in quoting any results ; the reader must therefore 
recollect that while the matter is the same as that of any 
writer to whom reference is made his iiroof is sometimes 
translated into a more convenient and familial’ language. 

The history of mathematics begins with that of the , 
Ionian Greeks : the latter were however to some extent 
indebted to the Egyptians and Phceniciana, and the first 
chapter is accordingly devoted to a discussion of the 
mathematical attainments of those races. The subsequent 
history is divided into that of mathematics under Greek, 
influence, chapters ii. to VII.; that of the mathematics of 
the middle a^es and ronaissanco, chapters VIII. toxin.; 
and lastly that of the mathematics of modern times, 
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cliaiJters xiy. to xix. In dealing with tJie subject I liavc 
confined myself to giving an account of the lives and 
discoveries of those mathematicians to whom its dovoloj)- 
ment is chiefly due. I should add that I have usually 
omitted all reference to pi-aetical astronomers unless thcjro 

is some mathematical interest in the theories tliov nro- 
poaed. 


I hope ultimately to issue a second part which will 
consist of a biographical index on somewhat tho same 
lines as that publislied by PoggcndorlT in ISGS. The 
present volume deals only with tho mom ominoiit matlio- 
matieiana: the index is designed to aupplomont this by 
providing as complete a list of mathematicians ns is pos- 
sible. It will give the dates of the birth and death of tho 
writer a line to say for what ho was difitingiiishod. a 
list of his works, and whore possible a reforonco tosojnu 
authority where they are treated in detail, 

This book is mainly a compilation from existing tivn- 
isea on the subject; but those latter arc n.nnereus 
and none of them cover exactly the same ground I dare 
not suppose it is free from mistakes. I aliajl tliankfiilly 
accept notice of any crroi-s or omissions which the rrador 
may detect. A list of tho histories dealing with long 
periods of time IS given at the end of this preface, hut 

hoie indicated by a star: I g„„„....Uy 
the name of the author only. Monographs on anyij 
ticular writer or period are usually alluded to in th^toxt 
r foot-notes. On a subject like this, ,„,go ada ot 
mh the authont.es are scanty ami ofto,, Indicting, 
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there is constantly a difference of opinion .among the 
commentators ; but in a popular account I cannot discuss 
the various views held, and I have therefore in the text 
only stated that which seems to me on the whole the 
most reasonable. Any one who mil read the works men- 
tioned will be in a position to form an independent 
judgment. 


Thin. Com,. Camdriduk, 
September, 1S88. 


ERRATUM. 

I’ftgo 227 lino 2, for i-oftcl continnity. 
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ERBATA ET ADDENDA. 


Page is, line 1. Binco tbo publication of this work, tbe articl 

alludea to have been collected into a volume under the title ureeh 
Geometry from Thales to Euelid, Dublin, 1889. 

Pfigo X. line 8. For 1883— 1888 read 1883— 1888. 

Pnga s, end of. Add to the Hat of periodicals Zeitsehnft fnr 

Phyiik edited by ScMumiteh. Kahl, and Cantor, and fiiblishea at 

Page aofliue 5. After insert if p he the projection of OF on the base 
of the cyliHfier, then 

Page 33, lines 27 aud 35. For Froclus read Papjm. 

Pago 30. lino 26. The Intcal complete edition is that ^ 

by J. L. lieibeiR. August’s edition is confioedto the Cleme . 

Pago 81, line 24. Dele^ 

Pago 88, line 20. After by insert It. M'oodcrofl and 

Pago 88, line 8. For. The read i the 

Page 110, heading of chapter. For 1548 read 1453. 

^ to the Eolls’ series edition of tbo Opera InedUa, Londoii, 1869. 

Pace 108, lino 4 from end. For Act fu. Sc. 3 read Act lu. Sc. 

Page 201, line 10. After Ludovico maert Ferraro, mualbj knouni 
Pago 207, Hue 26. For read xv. 

Pago 207, line 27. For Zetieorum read ZcfctiMriim. wbethor 

Pane 211 Hue 16. On more careful consideration I doub 

” Harriot was as much mdebted to Vieta aa is usually supposed . 
the Bupplemeut to Higaud’s irorfo of Bradley, Oxfoid, 1838. 

Page 216, line 4. For 2 read 6. 

Paco 227, Hue 2. For infinity read eonttmiily. 

PnL 230 line 21. Mter exclude msert aU detailed references to 

Sge 285. 8. Before and insert of the theory of eauumns, the 

cmition of a theory o//uHCfions, 

^2^5 The substance of this and the two following 

’ IQ taken from Prof. Williamson’s article on the infinitesimal 

■ SlsinTeSrbStaofthe^i^^^^ 

:Se a^o logins a summary of the history of the development of 
the infinitesimal calculus. 



EBBATA ET ADIDENDA. 

Pftge 3S1, second paragraph. I accidentally omitted to allu 
met discovered by Garhardt {Mathm. Schriften Leibnitze 
p. 7) tlmfc Leibnitz bod at some time copied in bis own ha 
of Newton’s tract on analysis by infinite series. A moclori 
of the Newtonian view of the controversy is given in H 
work issued at Leipzig in 1858, of which an Euglisli trauslf 
piiblisliwl at Cambridge in 1800. 

Page 350, line 17. Por 8 read 2. 

Pago 352. line 18. Beplaee by g = G {1 + (-^m ~ e) sin^n 
i ago 3o8, Ime 13. Another volume was published at the sa 
under the title Opera Miscellanea. 

Page 358, line 6 from end. For 1700 read 1749. 
age 366. Add at end. The histories of mathematics deal vei" 
with Uio work prodiieed during the last hundred years • an! 
lehed mainly on Mario’s imioire, on tlie references in Poget 
5^c</o«flry on tho niemoh-s of the different mathcmatioiai 

thoB^on ? mtannica {cs 

hOBo on Lagraugo, Laplaco, PoiBson, Hamilton, and Maxw 
th similar memoirs in the Pc, my CgclojmUia, anS Sy 

Tn pi-occedings of the Poyal. the Astroa 

and other Soeiolles; tlio latter notices contain very full iufov 
about th« mathcmalioiao, who have .Uod within tha t 

on I ought to mention 0. J. Gerhardt’s Hfstory of Gerl? 
mtic, (concluding chapters) ; H. HankePs Die Entwkhehi. 
Mathemuk m den letzten Jahrhunderten, Tiibingen 1885 • 

"of 

Page 39^ line 20. I «,n told that Lavoisior’e claims are now adi 
to be supenor to those of Cavendish, though the oZiit 
tM ™ “W probably the earlioBt in wWoh i 

Sa";”'' ™“‘ «t Pom 

Pago 400. line 2 from end. For determined the laws of the exnm, ■ 
oases read investigated the Usw of the expansion of a Z 

llZl":' “f H- >"'v « not' 

‘ ?ht;™ tti"“r’"’ '' 
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WOUKS DEALING WITH THE GENERAL HISTORY OF 
MATHEMATICS, OR LONG PERIODS IN THAT HISTORY. 

*Allman, G. J. Ai'tioloa on Cheek Geometry from Thales to Euclid^ 
Jlormathena. Dublin, 1879 — 1887. 

Ahaqo, F. J. D. Tho colleoted woi'ka of Amgp, Paria, 1867, 
contain sonic sovonty dlogea on diffcroiifc luathcmatioians of 
tho middlo ages and modern times. 

AuNiO'i'HjA. Die Ocschickte der^'einen Mathematik. Stuttgart, 1852. 
^RiU'Vi'HCJHNioinEU, 0. A. JKe Oeometrio mid die Geometer nor 
Eukieidcs, Loipiiig, 1870. 

Rohsut, 0. Jlkloire f/e'nifmle des mulluSmutiqucs, 2ncl edition, Paris, 
1810: Ist od, translated by .1. lionnycastlo, London. 1803, 
*Cantoii, M. Vorlesv/ngm iilicr die Ocschiohte dcr Matke)nulik‘\. 
Vol. I. (to tho year 1200 A.D.), Leipzig, 1880. 

CiiAHiaoH, At. Aper^.u liiatoriquo nir Vorigino ct le ildocloppement 
des methodcs an g^mn^ne. 2iid ed., Paris, 1876. 

*l,)^)^^A^tlm]:, J. H, J. JliHtoiro do Vastrommio. Pam, 1817 — 27. 
Dl'jr.AMliUTO, J. IJ. .1, JHo Ariilmelik der Gricclien, cd. by J. J. 1, 
Honhiaini, Maiutz, 1817. 

DiiiiiiiNd, E. KrUistdio (lesckichte <ler...Mcchanik, Srd edition, 
Leipzig, 1887. 

*{:h)W, J. A short hislory of Greek mathcouitics. Cnnibrklgo, 1884. 
GiiAN'J', R. IRstorji of iihysmd 2nd odition, London, 

1862, 

GdN'fHKU, S. Vermmhte Untersuchnngcii mr Ocschichie dor imtho- 
matmken Wmcnschuften. Leipzig, 1870. 

^IlANKwr;, H. Zur Ueschiehte der Mathenxatik. Ijoipzig, 1874, 
IIi'jinuiiONNnu, J. 0. Ilistoria mathemis miivmae. Leipzig, 1742. 
IlKr.LHii, A. Geschichto der Phytik, Stuttgart, 1882. 

*II()i'ii!'] 0 ii, If. Jlisloire des maiynwlvpm, ax'd od., Paris, 1880. 
Ilii'i’TON, C. .Dielionary (2 vols.) and Tracts (3 vols,). London, 
1812—16, 

IlUT'J'dN Shaw ani> Pkahhon. Phil, Trans, of London^ ahridged 
with hiographie illustrations. 18 veds. London, 1809. 

Isisr.Y, L. .UJUstoire des mtlhdmtiiques dans la Sumo fran^aiso. 
Nuufchatol, 1884. 

i' Tills viiUmblo worlc oontaiim a summary of nearly ovorytlilng tliat 
lias bucm wrilton on tho subject. TJioro are two other books by tlie Humo 
author: namely, MiUhematlaohe Heitrilya zum KnUttrkleu tier IWicr, 
Hallo, 18(W } niul Euolld mul sein Jahrhmdert, Leipzig, 1807 : but most 
of the matter in those is inoUulod in tho Looturoa. 

U. 
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Kaestner, A, G. GescUdUed^i'Mathe^imtik. 4 vols. GUttingen, 


IfifijrG.S, ilatl^nathchcsWSrterhuch. 6vols, 

Lewis Sir G.C. The (H^'onomy of the ancients. London, 1802, 

' p "R T T Jlistoire des scietuxs mcUhifnidtiqucs en Italic 
"L.;;. to ««««»»». P«*, 1838-41. 

*1Iarie U. Ilistoire des mences mailie'maliqncs d qyhysiqucs. 
12’volnmca. Pftria. 1886 — 1888 . 

JIoNTUCLA, J. T*. Histoire des matktfmatiqnes. 2iul ochtioii, 

JIdrhard, F. AV. a, JJUei-atur der tnai/ieinatisc/ic7i Wmensckiftcn. 
4vola. Leipzig, 1797— 1804. 

^^Tesbblmann, E. H. F. J>ie Algebra der Qnechm. Jlorlin, 1842. 

*P0GGEND0RFF, J. 0. Biogt'afthisch-JMeranschcs JlandwMcrlmch zur 
' OcscMchta der exaeten ^Ymen8chaflc^l. 2 vols. Tioipzig, '1803, 
QCETELET, L. A. J. JMoire des sciences imtyAmiUpm cl physujw.s 
Chez les Beiges. Bmxollca, 18(54. , , , 

Qoeteeet, L. a. j. I^es sciences maMnaltques ohc: les JMi/vh dn 
oowjnoJicflwJCHi dn xix* siklc. Bnixollos, J 8(i(). 

Rosenthal, G. E. ISncyclopmUe der Afathvimtiik. 4 voIh, 

’ Gotlm, 1794-0. 

SUTER, H. Geschkhle der mathcniutischcn Wmansmifm. 2ihI 


ccl., ZlU'icli, 1873. 

Tannhrv, P. La giomdrie (jrccque. Pam, 1887. 

Todhunteb, I. A history of the ccdoidus of miriatiom dxiring 
the xtKth emtury. Cambridge, 1801, 

Todhonter, I. A history of the matimwtical theory of jirohuhilUy. 
Cambridge, 1805. 

Todhonter, I. A history of the mathcnmlictd theory of attrudion. 
Cambridge, 1873, 

*AVolf, E. QoscUchto der Aatrono7im. Munich, 1877. 

Zedthen, H. G. Bio Mire von don KogelschniUcn ini Altertxm. 
Goponhagon, 1883. 


There are also three iwriodicnla in which Hpooial atlanition is 
paid to the history of mathonmticH. TUoho avo the Ihdldino dl 
hibliografia e di atoi'ia deUe seiome snutonaiisaho ti Jmnho oditod by 
Pniice B. Boncompagni, and published at Jlonio; the Jiidldin dm 
sciences matkdnatiquos el astinmomuiues edited hy (1. Diu'Ikiux, mid 
published at Paris} and the BibHotiictxi muthonatka odited liy 
G. EnestrOm, and published at Stockholm. 
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KnVP’I'IAN AND IMKl-JNfDlAN MATIIKMATIOH. 

I UK ]iinUii'y Ilf iiuitiHnniilitiH (?ivuimt with ciU’tiiinty bo 
tnui(!il bank bi any aolinol or jioriotl boforo timt of tiio Jonian 
(li'iailcH, blit tlin Hulmi!qu.!Hb limtory nmy bo (UviiUid into thvoo 
laa'idiln, Llio dial imitioim botwooii wliiob aro toliimlily wall 
markial. I ]io llrut imriail la that of tlio liintory of inatliioiiiiticH 
uiiilor (I rook iiilluoiioo, iIiIh in illHouKHod in olmjitora ii. to vil, i 
llio Htmotid ia iJiat of tbo huitboioatiuH of tlio lablillo a;^cH luul 
(ilm naiui«uinu!ii, thin in i[jmmnHod in olia|»lovH vni. to xiir. : tlio 
thlril ia (Jiat of moiloni mafclionuitioH, ninl (.iiin ia iliHoimaod in 
ol!ii|»(iora .\tv. to XIX. 

/Vl(boiij,'li till- liiHLiiry ooinimaiooK with tlmt of (;ho loniiiu 
milionlH, llmro ia no doubt, that. Uioho (Ji-ooIch who (irat paid 
atlonlion (o it worn hirgaiy indnbtod to (ho provioua invoatiga- 
tioiia of tlio lOgyptlaiiH and .l.lnunioiaiiK. Our kiiowlodgo of 
tho niatlioniatind attaininontK of tlumo oarly raooH, to wliioli 
tlibi oliaplor ia dovolod, la ko iiniMirlbob tliub tho following binof 
iiotoH imiat only lai niganhal iw a Nuniinary of tlio conaluaionH 
wliioli aooin to mo moHt probablo, and blio hiatory of mabho- 
laatiita la-gina with Ilm imxb uha|ilor. 

(n tlm lirat pluon wei may obaorvo that though all oarly 
Dwa'a wliioli liavn loft rooonia bohiiid tlmiii know anmothiiig of 
miiimiution and nmohanioa, and thongh tho majority worn ivlao 
nuiinaintod willi (ho oliumaitH of lan«l*MiU’voyiug, yob tho ruloa 
whioii Mioy jioMHoHHod worn in goiioral foundod only on tho 
voHiilla of olmorvatioii and oxporiiuoitb, and worn nuithor do* 
tUieod from, nor did Limy form parb of any acloimo. '.I’ho liiot 
H. 1 
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EGYPTIAN AND PIKENIOIAN MA'l’IM'-MA’l'ICS, 


then that the Egyptians and riuKiuoinnii inul n liigh 

atato of civilization does not justify us in nsHuniiiig tliiLl. t Imy 
liad studied luatliomatica. 

This romai'k is illustrattul liy tlio iiislory nl' llin (/liiiirsc, 
who, according to sonic writois*, vv4»i'n raiiiiliiir willi iIm' 
acioncca of arithmetic, gooiiiobry, incclnuiiits, Diil ics, iifi\ 
and aati'ononiy noiirly thi'flo tliousaiid years ngn. ||, is indi’cil 
almost certain that tlin OIiinos<t wore llien a(S|niiiiilii(l wiili 
several goomotrical or rather urulnUictiiral iiiipleininils, sm li mi 
the rule, aquaro, compasses, and level j with a Pt'W meuliiiiiical 
machines, such ns the wheel and axle; ilmt limy lumw ol’ dm 
characteristic property of tho magmitiy uecdlc; niiil weie iiwiii m 
that astronomical ovents occurred in oyeles, lint fJm nmi'iit 
careful invostigatioiiB of ]j. A. .Smlilh.t I have slmwii Mint dm 


Chinese of that time had luado no scriouH attiiin|»t In eliissilV 
or oxtoud tlio few rules of arithmetic or gdonmtry wliteli tlii'y 
know, or to explain tho oauscs of Iho plmnonmim with wliieli 
tlioy wove acquainted, Tho idea that iho dluneim liml iiimlo 
considovnblo progi-ess in thc<irotlcal malheinnties Kminiu In 
have been duo to n inisapprehonHicm of Mm .leaiiit iii!imioimi'ie)i 
who wont to China in tho sixteenth century. In the Hint 
place they failed to distinguish hctweeii the original scieimn of 
the Chinese and fclie views wliidi they found pi'uvnlnut mi Mmir 
arrival; the latter being founded (Ui tho worlc and teimlniig of 
Arab missionaiies who hud come to China in the emn'Ho of thn 
thirtoonth century, ami while tlioi*e intnKhieed a knowledge of 
spherical trigonometry. In tlio second place, finding that one 
of tho most important govonunmib dopartmentn was known im 
the Board of Mathematics, they Hupposed that its I'nimtimi was 
to promote and suporintond mathematical studies in the enn.in. 
Its dutes ,y„yo imllj. „„ariu„d to t|,„ 

of an almanack, tho dates and pi-ediotions in wliiuii regulated 

1802. i'^otimomioinawiiie it cAtmtm, l,y ,1. H. 

w‘i: 
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inimy nlTiilv.s hotli in public and doimmtic life. All oxtanb 
MpiHiimoiiH (il: tluH iiliimuiujlc avu oxtraordiiuirily iiKUicuvato ami 
(lofiKitivt!. Tlu) only }»t»)miavioal tliooroin with wliich as far as 
I luu award ilui iiudidut (Jhiimso wove awiiiaiiittul was that in 
«s‘rlain (ihhuh (nium'ly wlmn fclio ratio oE tluj huIch was 3 iiif) or 
1:1: >J'2) tlu^ m’(!a of I.1 mj wjuara dcHcribial on blio hypotonusu 
ol’a aii;'ld(l trlan{,du>iH ij((iml to timmim of tho lu’diva of tlio 
siliian'H domirilidd on tlui Hulrs. It ia baroly possililo tlmt a fuw 
Ht^nimita'idal tlusuditm Avldoli »5an bo doinoiiHtmtud in Uio qiiasi- 
d\|idriim)Utal way of HU|n>r|mHitioii w«)r« alao known to thoni. 
In arli.lmidtid tlioir kuowhslpro noonm to Itavo boon onnlinocl to 
III!' art of diildulation by nioaim of tlio Hwun-pan (soo p, HO), 
luul tlm ]iow(U' of oNjirt'SHinf? tlio rosultH in writing. Ourknow- 
Idilgo of tlin oai'ly atininnionts of tlio OliinoHo, sliglit though 
it is, is iiioi'o dohipliito tiian in tlio niso of most of thoir oon- 
tdiupnrnrioH. It is Uiuh Hpooially iiiHtruotivo, aiul hoi'voh to 
lllustralo tho far.t tliat a nation may poHmtHH lanisidia'ahlo alcill 
ill I'hn uppliod arts with but littio knowlodgo of tho Hoiouoos 
on wliioli tlioHo ni'ls aro (bundod. 

'I'lm only raoos with wlioni tho (Irooka of Asia Minor 
{imioiigali wlioiii our history hogina) won* likoiy to iiavo ooiiio 
iitlo fi'oquont nnulaot wiwo tiioso inhabiting tho oastorn littoral 
of tho Moilitorrancau : ami (Jrook tradition unifonnly uHaignod 
Iho aponiul (lovolopnionfi of gooinotry to tho KgypUaiis, and that 
of ()io Hoionoo of mnidim'H oitlior to tlio hlgyptiuna or to tlio 
I'laouloiiinH. I will coimidor tlioir atbiinnunitH in tli(<so auh> 
Jci!(s aopuratoly. 

as to tlio Hoiomio of iminhi'.rH. Ho fur m tho aoiiuinr 
iiionts of tlio I'lHoiiioiaiiH on thm uul'joot aro ooiKtoriidd it is 
iiitpoHiiililn to Kpoak with any uortainty. M’ho niagnitudo of tho 
romiuoroiid tranHiujIiniia of 'I’yro and »Sidon must howovor liiivn 
ma'OHHiI ntod a ooiisidm'ablc dovolopmoiili of aritlimotio, to whiuli 
it is prohahln tlio niiiiio of Hcionoo ntighb bu propoi'ly a])[)Iiod. 
Aooin'diug to Hivabo tlm 'fyriaim paid partioular attonlion to 
tlio Hoioniios of iinmbors, navigation, and natronomy; tlioy had 
wo know uousidorablo oonmiorcu with tliuir noighhinii'H and 

l -•2 
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EGYPTIAN AND PHOiNICIAN jrATJlEMATICH, 


Romans on the other liand gonorally kt'pi; (li(« 
constant and equal to twelve, oxpimslng tli(» fninj hiii (ii jiju tix i 
mately) as so many twelfths. The Ihihyloniaim did Ijm Kmn,. 
in astronomy, except that they uwmI sixty as IIk' cnustant 
denominator] and fi-oin them through the (Jn^ohs llui iiMiilorn 
division of a dcgi*ee into sixty equal jjartH is dorivcil (ii.mi 
p. 215). Thus in one way or the t)tjun' Mm diHimilty nC 
having to consider changes in Imtii niimemtor »iiid dminiuiiinti.r 
was evaded. 


Before leaving the question of early nrithnmtio I riliniiM 
mention that for practical i)Hrpo.s(iH the alinoHt univiuvuil tn.c 
of the abacus or swjin-pan rendered it easy to add atict 
subtract, or even to multiply and divide, witlioul, imy Inu-n 
ledge of theoretical aritlnnetle. 'I’lmse instriinmnl,'. will Im 
described later in chapter vir.j it will bo millh'imd, bore 

sy that they ated a conorota miy o! n 

m the tlcoiraal scale, and onaljln tlin riwiilta nl nililithiii niiil 

TMs CO T -h" '"""'"""""I 

WM all t ! "" * H"' niKi'lt ill "'Hl iiiK, 

was all that was requn-od in primitive times. ^ 

tn ^ the scionco oi (jcoimln,. Oiiimmtry is 

have had Us origin ni land-surveying; hut whilo it dini,„i li 

osay,vlendjoBtndyofn„„.b™.aLlt;i,ndutl;:r™^ 

ledge of which was essential in any oivilirod slaLii bi.,.., 

sought in E<rvnt Tlifti •* <'f giioinntry mimi li|, 

more probable by the derivation '’tmdmvd lln- 

and to measure, Ifow the ' 

and 
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liiutH, wliioh iH iiiiuiviiltMili l<> dotornuniug tho fcngonomotvical 
I’litiim of (iiM'tiiiii 'I’lio (ItiU and tho nwultH givon agroo 

oluHiily willi tlici iin'iism'nnM'ntHorHoiMoof tliooxiskmgpynmiulH. 

Not only nvo I lin idnuH of Irigonoinutjy thuH introjlnocsd in 
gj'oniolry, Imt Mm lU’ilhuinUoal jHivt of tho hook iucUoatcs that 
Alntutii liinl luiino iiltsii oF algolimio NytuholB. Tho unknown 
([umitity in alwayn iH'jn-tmonLod hy Urn Hymhol wliiiih inoanH 
a Imiip; aitdition 1 h roproHontod hy a piiir of logH walking 
rorwai'dii, milil.nmtion l>y a pair of h<gn wallcing haokwnrdH 
or liy a Might oi' arrowa; and otpiallty hy lla; Htgn Ah wo 
oliall non in Mm lu'xl. oiiaplorn tho (Irooka hIiowiuI no aptitudo 
hu' algoln'a or ti igonoiimlry, and it wiih not until tlio dtivolop- 
nii'iiti of iiiatlmnialii’ii piiNaod again into t)io lianda of inonihom 
of a Hnuiilio rmm lliai. any furlhor pntgroKs wuh niiuh^ in IhoKo 
auhjnnlri, On Mm oilmr liand ail tho Hpiaananm of hlgyptiiui 
gi’oiimtry wliirh wo ponm>Mii cloal imly with parllculnr nnnun’ioid 
prolilmiiH and not witli gonorul thoortMUH; and twon if a roHull; 
wan iitatod aa hoiiig iiiiMoraally tviu’, it wan pri>halily only provod 
to lio no hy a wide iiidnotlon. Wo almll aifo lator Mint Orook 
giionmlry wan from ita iToninionooiiiont di'duotiv(\ Tlmro am 
I'oaHonn for (hinIMng tiait l‘lgypMan goonuitry madi^ littlo or 
no fnrtlmr progrotui aflor tim dalo of Ahim’a’ work; and thongli 
for ni'iirly Iwo Iniiiilrod yoara uftor tint tinm of 'I'liahm Kgypt 
wan rooognizoil Ity (ho (SiroltH au an ijuportunt Htshool of 
giionmiry i(> would t'cioni that ahiioat fioui tini foundation of 
tlm Ionian noliofil tho (hvoka outstripped tlmir foriaor Uiaohui'H. 

It may ho inhhil Unit AIuiii'h' hook glvea lin very niuoli 
that idea of I'lgypMnii niiitlioinatiea wliioh wo Hlunild liavo 
gaMmi'od from nlalonmnfa ithniit it in varioua Greek and Latin 
aiitliora, iiomo ol‘ wimm lived nearly *JM(lO yrara later. I*riiviouH 
(o i<H tinniHhvMon noveral of tlm immi iiiodm'ii eoimiientatovK 
were imtiined |o (liiiik timt thoHo atiitenn'nla exaggerated the 
aei|uii'i'iimnl!« of Mm LgyptiaiiN, and ila diaeovory mUHt inereiiHo 
Mm weight lo ho nt.hmlieil to thoir loKtininuy. 

Wo know noMiing of tlm applied imalmnmticH (if tliero 
wore any) of Me* Mgy[i(ianH nr I'htoiiiuianK. 'riio aHlronoinioal 
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MATHKMATIOH TJNDEll ftllEEK INFLUENCE. 

Thvi yK iiuth tfio hwliimj of T/iiiIi'h, olrn. 000 

util mil:' n'lth ih'' of Mii.i'iuulnii. hij //;fl M ohmnnii'tliina 

', 1 . 01 ‘ uliiif'f 01 1 A.M. 7'A" oltni'tu'hi'hdii Jhiliifu if thU 'irn'ml 
'n till' ili'Vi lopito of ot iji'oiio h'!!- 


|(. will I'l' ri'iiu’iMl"’V«'il lliiii. I ••oimiu'JM’dil tin' liwti isliiipO'i' 
l,y „nyii,j.( iliiil till’ hiMi'i-y Ml' iiiullM'miitifn Im ilivldiul 

hil'i llirrn jii’iiMtln, imun’ly lliiil ft* mitllii'iiiiilii'H uiiilnr (h'dok 
iulUii'U''', iknl, ttf Him imiHiMiiiuHi'n nf l)u' niiilillo ugoH Hiul of 

(1,„ .»|'I l‘tolly H.ul Ml' Uiniiovii iimlli.'iiuiUoH, Tlu) 

lU’.vl, font’ (Mlm|ifi‘ni. ii. v.) ili-nl will* tlin luHlni'y ni 

luiilliomiiliori oimImi- Hivi-k ijilluMuro : lo tln'HO it will I'O eon- 

vnuioiit, iM mill vi.) .m U.o lly/.miino sohool, miico 

llumiMk il. Ho* n mUn mI’ Hrooli inuHioniiiHrn wnro tnoimnittod 
lo Wi'tilMin Kutmim-; hioI oiimIIimv (rlmiiti'r vil.) on Uu' HynUMiiH 
ol iiunu-nUinu whi.-li wmim nllinmlrly .liHi.liuTtl I'y tliiit of tho 
Arnlm. 




TtlAl.KH. 
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't'hv immn tSvIuml. 

'I'lii' i'nuiiilt'i’ Ilf lit*' I'tiilii'ni, (tjTi'tc Ht’liiiol i)l‘ iiuiLlii’iimLics 
mill jiliiln:i"i'liy 'viiii TliiiloH, Mn»» ul* ilm miv<‘H hh^^ch of ( Inidrtt, 
wlm M'iri Imii'm iilniiit *i l(l ii.o.* iil. Mili'Miii iiiul lUcil in llin h«iui> 
t,ii\vn uliiMif. fii»M 11.11. Tin* luntoiiiilH I'nr im inKutuiif. of liiK 
lit'o iiio vi'iy innij^i'o, unit I’ontijtil. of lii.|Io iiioi'i> llntu a low 
iiiii'riliih'it wliioli tiu\i' lii'oH tiiiintnl iluwn liy Inulilion. 
tlm i-m ly j'lul nl liin lilo ho \vu.'ioiij5u;{iiil juu'Uy in ooniiiiotiKi iiitil 
piu'lly in jmhlio iklluir!* ; nml lo ,jnilf{o liy (wn Umf liiivo 

Iji'i'ii luoiiorvi'il. ho wto) iltoii itM ilii>liii|{iii!<lii'<t for Hlirmvihii'.ss 
in Inn iuoMi nml ri'inhnoo^i in |-o•lllm'<'l• nu ho wini inihtioquniitlv 
coh'lnnioil in iioiimro, !( it. uniil liiiil oih'iMvhon {i'fiiiN}iiii'tihf{ 
homo unit wliioh win> loinh-il on nniloii, oiio of tlio miiiiialH 
tilili|iin|i( in u ‘iliomo iii loinl wol, iiml no imnucil hdiho 
nl' Mio mill to ho iln.i>olM-<l ; limliii)' ihi hiinlon Unni lifrliUnii'il 
il I'olh'it iivoi' nl (lio novi foiil to wlih’li i|. onuio; In hi’oiik it> of 
ilil" Irioli 'I’lmlou luiuloil it with iiinl HjionK'H, wliicli hy 

iiliHoi'liinf! I ho n ulm' niioh’ I ho toinl In-iivior nml hooii ollhi’fimlly 
niU'oil il of il'i 1 i'<>nh]i«<iittio huhil. Al. uiiolliov iiino, iionoi'iliii;^ 
lo Ari'ilotlo, ivhoii ihoi-fi wuu u |ii'o;.|tool. of nn iiuUHually 
nhnndniil oiop of olivou In* ftol piihKoiiuion of nil (lio olivn- 
of I ho dihliiot; unit ImviiiK llum ” oonini'i i! ” Ihom, 
iiH 1 hi’lii-vo Iho AmorioiiiiH rull il. lio wioi nhfo to iimkn hin 
own lonim for lontlinK fin-ni out. iiiitl iIiiih ri'nll/rd ii Inixn 
Hniii. Tlo '.o luh”k nmy ho |l|•n1•|y|•lml Imt it in noitnin lliiiii ho 
imuhI, h l^o hiol hoino ri'|ni(nliMii mh k ninn of IiunIuohk iuii) hh il 
oiminoi’T niio'o ho w»tu rim»h*yoil to OMiiKlnuol nil ojulniiik- 
nionl mi m. lo iliv. i i iln* i Ivor llulyMtu wioh ii Wiiy iiH to jiormit 
of llo' * oio'ii noiioii of il foiil. 

1 1 wiin j.iol'jihly io» It iiiorolitnilr thiit ‘rituloH IivmI, wont lo 
l''M,Vjd< hill ilnrioK hi** Ioi*<iiiv ihori* ho hliniinit iihti'oiioiiiy niid 
^ooinoli'V. Ho "Il'i nihldloiiyoil w||i*u lio mliU'intd to IMih'lUHj 

* Mnov of Iho ilui. n in rtio «'iily n|*|>ioxliimlviy roimin. 
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ilioHO nroot'H w oviiUmtly iiusUuU.il in tlni IuhI,, Init tins curly 
Greek wwo vojy UiuM ahnut Kmn»ndiziiiK their 

oofH .uulworo ufruhl Unit iiny addiLionul iinpowul 

on tlie tvianKle unKih, 

ThalcK wrote an aHtreiumiy, iumI luiumj^ liie tumleinimnirnai 
wii8 move faniouH im «n iiHkmi«»inor ilmn an a Keniiieti-ielim. I t 
is 8«hl that one "’hen walking' out h.' was loivlcin^ ho 

intently at the stara that he tumUhal into a ■liteh, on whieh an 
,,1(1 wo.nim ex(ilnime.l “how oaii you toll what is K'H"K <>t‘ 
in the sky when you ran’t hoo wlmt ia lyinjt at your own lent?” 
nn aneeiloU; wh’ieh was oa.m <|Uot.'.l to illustrati* the uu- 

praotlcal eliaraoter of |.lulosoid“'‘''‘« . , . , 

Witlieut ^?oinf? i»i«> deluiliH it may ho ineulioneil lliat ho 
tauglit that ti your isailiiiuc:ii :i(in days (and not as wiin 
nroviouHly veekonod twelve iiioiiliiH ol' thirty days eaeli), lio 
was aware of the spherioity* of the earth, and explained tln- 
oauKOS oi‘ the ettliiises hotli of the him mid nionii. It ia widl 
known that Im preilieted a wdar eelipao whieli look plaeo at nr 
ahout the time Im foretohl : the auUia! didt* was May SiH, 
r)8()lt.(). Hut though this propluiey and its rullilnient gave 
oxtraordiiiary prestigo to his leiutliing, and Hoeunul 1dm the 
naino of one of the Hoveii aages of < SmsHi, it Is most likely tliat 
he only made uao of one of tho Kgyiaiun or OhaldaHin registm M 
wliieh Hlated that solar tsdipHea roounvil at intervals nl 

18 years and 11 days. 

Anaxliiiftiulor, who was hnru in lill ito. and died in ri-ifi n,(i., 
Huceeedeil Tliales as licsid of liio wtluHil at Milelus. AeeonlinK 
U) Huiilas ho wrote a trealiKo on geometry in w’hieh tradit ioji 
says he paid imvtieiilar aUeiitiou the propertiea of spheron, 
ami dwelt at length on tlio iihlloHophieal idcais involvitil in 
the oemieplion of inllnity in and lime. Ilti eousti-neted 

tovrestriid and eelestial glolieH, .lie is alleged to hav,, mini- 
ducial tlie use of the «?///« or ynouMn into (Ireeee. 'lids, in 

* AcriadinK le wnmi mwiilerilkH laith hu luid Anaximanthiv lieltevi d 
Iho oiu'lli ti) he a dUu uud iial a miliury. Tint Hialomoat la the text 
BCoaiH to mo to ho moro in-ohahle. 
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pviui^iplo, only oF ii Ktiok stuck ujmKHt in a lim'i- 

•/tinlal pitMiii t>f Hronnil. T.t w«h ci-ighuilly used i\n a Hun-dial, 
ill wliinli ciiiK' il. wnn idiumd iib tko centre oC three concontrio 
iMirlen minli tiiiib nvi-ry two liours the end of its sluvdow paswid 
I'linii imo oii'cln to iinnlhnr. Hucli Huu-dials arc found at Tom' 
iicii lunl M'luiiiiiluiu, It iii said that ho limployfid it to dotorinimi 
liiii moridiiui {|in'HUiimltty hy imirkiii|^ Lhn linos of shadow oast 
i»y it nil mmri'io ninl minnot on thoHiiino day, and takinff the piano 
hinootlop tlio anjdo n“ h^rmod) ; and tlimico, hy olmorvinj' tho 
tiiuo o(\-viiv svhon tho noon-altitndo of tho sun was groiitost 
and h'unt, In' «'»>- Ih'i nolntioos ; thonoo, hy taking hiilE tho sum 
„r tho noon ivlliindoM of llm nun at tho two hoIhUcoh. ho found 
l,|,„ inoHontiou of tho t'.pmtor to tho horiwm (which dotovminod 
Hue Intitndo of (ho phnece), and hy tnkin« half thoir dill’orc'nco, 
ho found line iindhinthm of tin* onUptio to tho ocpiivtor. Lhovo 
uuuiiin Kood ivniion io Ihittk that l.o did aoluidly dolonnino the 
Intitndo of Spnrtn, hut, it m more douhtfid whothor ho roaliy 
luiiihc tlio I'lMit of Um'scc untroMondoal dodunUona. 

Wo iic'.od not In-io oonoi«rn ournolvcs fnvthor with the 

.d' Tlinlon. Tine scdiool ho c*Hlal.lishoil oouLlnuodlo 

lh,nri-ih till nhont 'KHI n.n. Wo know vory Httlo ol tho inatho- 

I in ii. I">l. limy 'vnuU «omn to i>nvo 

nn.:n. nf lln'il' nl■"■"l■i"n In luilmnniny. limy 

I, „(, MliKlil. inllnninm i.n l.lm tuvUmr ...Ivnmin ,.l Urm.k nmllin- 

II, „ liyUin«..n'.nni. If w.ni tin. Ilriil, In .Ui'imt Kon .ua 
„lt„i,ti.n U. I!'".ini.lvv, it wnn l'.vUn.(!nraB, iiiiyn I'niolnii, iiuotniK 

no, nlo. "..linnKml Hm olmly nf Ko,|,nol.-y ...to tho 

r,„.|„ „t „ .olnin.liini, rm- Im nx.nnnnol .l» in'i.iii.\il«8 to 

,u„l ilH ll.nn.,.n,n in .tolh.otnn 

hi .-.linKly m l'yth,.Kn™„ tma ^vo .n««t 

iniw diivot ntli'iitloii. 


n. 
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THE IONIAN AND PYTHAGOREAN SCHOOLS. 


The Pythagorean School. 

Pythagoras was born at Samos about 669 b. c. of Tyrian 
parents, and died in 500 B.C. Ha was tb\is a contemporary of 
Thales. The details of hia life are somewhat doubtful, but tho 
following account is I think substantially correct. He studied 
first under Phereoydes of Syros, and then under Anaximander ; 
by the latter he was i*ecommonded to go to Thebes, and there 
or at llemphis ho sjient some years. Affev leaving Egypt ho 
traveired in Asia Minor, and thon settled at Samos where he 
gave lectures but without much success. About 629 b.o. he 
migrated to Sicily with his mother, and with a single disciple 
who seems to have boon the sole fruit of his labours at Samos, 
He thence wont to Tarentum, but very shortly moved to 
Oroton, a Dorian colony in tho south of Italy. Hero the 
schools that he opened were crowded with an enthusiastic 
audience; citizens of all ranks es|>ecialiy those of the upper 
classes attended, and even tho women broke a law which 
forbade their going to public meetings and flocked to hear him. 
Amongst his most attentive auditors was Theano, the young 
and beautiful daughter of Ins host Milo, whom, in spite of the 
disparity of their ages, lie inamed : she wrote a biography of 
her husband but unfortunately it is lost. 

Pythagoras was really a philosopher and moralist, but his 
philosophy and ethics, as we slmll shortly see, rested on a 
mathematical basis. He divided those who attended hia lectures 
into two classe.s, the listeneis or wBayopuoi and the mathe- 
maticians or TTvBayopxKoi In general, a “listener” could, after 
passing three years ns such, be initiated into tho second class, 
to whom alone were confided tlie chief discoveries of the 
school, following the modern usage I shall confino the use 
of the word Pythagoreans to the latter class. 

The Pythagoreans formed a bixitlierhood with all things iii 
common, holding the same philosophical beliefs, engaged in the 
same pursuits, and bound by oath not to reveal the teaching or 
secrets of the school. One of the symbols which they used for 
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purposes of recognition was tlie pentagram, sometimes also 
called the triple triangle — to TpiTrAour rplymov. The penta- 





gram is merely a \*ogulai* i*e-entrnufc pentagon ; it was con- 
aklei'ocl aymbolioal o£ health, and the angles ■were denoted by 
the lofctovs of the woi'd iyUia (see p. 36), the diplitliong «i being 
replaced by a 0j it will bo noticed that it consists of a single 
broken line, a feature to which a certain mystical iinportance"* 
was attached, and on which the tlieory of the game of “quintan,” 
wliioh is played on. a boav<l of that form, depends. lamblichus, 
to whom wo owe the disclosure of this symbol, tells us how a 
certain Pythagorean, wlien tinvolUng, fell ill at a roadside inn 
whore lie had put itp for tho night ; he was |[>oor and sick, but 
the landlord who was a kindhearted fellow nursed him care- 
fully and spared no trouble or expense to relieve his pains. 

• Mohammed’s signature, saLcl to Imvo 
been Ivacod in the sand by tiie point of 
his aoimitav, is anothor instance of a well* 
icnown figiivo made by a single lino. It 
Rorvod as a starting-point for resenTohea 
by tho Arab inathomatioianB on the gco- 
motry of such flgiu'os. Tho subject was 
subBoquontly investigated by Euler in hia 
Solntio problematis ad «ilMs 

2 )crlinenHs in tho iUcwi. de VAead- da 
Berlin for 1769. 



2—2 
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Howevei’, in spite of all efforts, the student got worse ; feeling 
that he was dying and unable to niako the landlord any pe- 
euniary recompense, he asked for a board, on whicli he inscribed 
the pentagram-star j this he gave to his host, begging him to 
hang it up outside so that all the passers-by might see it, and 
assiu'ing him that he would not tlien regret his kindness as the 
symbol on it would ultimately shew. The scholar died and was 
honourably buried, und tlie board was duly exposed. After a 
considerable time had elapsed a traveller one day riding by 
saw the sacred symbol; dismounting, he entered the inn, and 
after hearing the story handsomely remunerated tlio landloi-d. 
Such is tire anecdote, which if not true, is at least hen trovato. 
The majority of those who attended the lectures of Pytliu- 
gorns wore only “listenei’s”; but his j^hilosophy was intended to 
colour tlie whole life, political and social, of all his followors. 
In advocating self-control, government by the best men in the 
state, strict obedience to legally constituted authorities, and an 
appeal to eternal pruiciples of right and wrong, ho represented a 
view of society totally opposed to that of the domocratio party of 
that time, and thus naturally most of the brotherhood were aris- 
tocrats. It had affiliated members in many of the neighbouring 
cities, and its method of organization and strict discipline gave 
it great political poAver, but like all secret societies it was an 
object of susjMcion to those who did not belong to it. J?or a 
short time the Pythagoreans triumphed, but a popular revolt 
ill 601 B.O. overturned the civil goveriiniont, and in the riots 
that accompauiecl the iiisumction. tlio mob burnt the house 
of Milo (where the students lived) and killed many of tho 
most prominent membeva of the schooL Pythagoras himself 
escaped to Torentum, and thence- fled to Metapontum, wliero 
ho Avas murdered in anotlier popular outbreak in 600 b.g, 

Though the Pythagoreaus as a iiolitical society Avere thus 
rudely broken up and deprived of thoir head, they seem to 
have re-established themselves at once ns a philosophical and 
mathematical socioiy, having Tarentum as their head-quarters. 
They continued to flourish for a hundred or a hundred and 
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fifty y(!nvs aftcn* tlm tltsath of fclioir founder, but they remained 
to tlio <md a wiovob Kociofc}', luul wo aro tberofovo in ignorance 
of blui dotailH of tlioir liiHtory. 

rythivgoniK liiinunlf did not allowtho use of text-books, and 
lli(! iissuniplion of his school was, not only that all their 
knowldilgc was liold in common and secret from the outside 
world, liiit that the glory of any fi*osk discovovy must bo 
voCcivivd hack to their founder: thus Ilippnsns (ch'o. 470 B,a,) 
is said to have hemi drowned for violating his oath by pnblioly 
liojiHting that Ik? had added the dodecahedron to tho number of 
regular solids euumeratod by I^ytlmgoras. Gradually as tho 
Hdoiety hceauK^ more scattered it was found convenient to alter 
this rule, and troatiHCS containing tho snhslanco of their teach- 
ing uufl deolrinort were written. The first book of the kind 
W(\H eempOKcd hy rhilohuis (oirc. 410 n.a), and wo avo told 
thill Plato iumtrived to buy a copy of it Wo may however 
Hiiy with ccirtivinty lhab during tho early part of the fifth cc' 
tiiry hiifons Ghrisb limy wore considerably in advance of t*’ 
centenipumrieH, hut hy the end of that timo their moro pvi 
neiib iliKciwei'icH mid doctrines had become known to 
outside worhl, and llm centre of intollcotnal aotivity was tran 
ferred to Alhdiis. 

'i'luMigli it is inipoHKiblo to separate precisoly tlio disoovories 
of I’ythagorns liiinHolf from those of his sohool of a later 
date, U'u know from Proulus tliat it was Pythfigoras^ who 
gave gdometry that rigcmais oluvmctov of deduction which it 
still hears, and nuule it the foundation of a liborul education; 
and thevij is good reason to Isdiovo that Ito was tho first to 
ai'i'iiiigei tlm leading prepositions of that subject in a logical 
order, It was also, iicoonling to Aristoxcuus, tho glory of his 
sclionl that they raised avithiiietio above tho needs of morchaiits. 
It was thoiv beast that they sought knowleilge and not wealth, 
or In the livngnage of one of their iiiaxiraSt “a figure and a stop 
forwards; not a figure to gain threo oImiH." 

I'ytliagoras was primarily a moral i-oformor and practical 
))hiloHdphdr, but his system of inorality ami philosophy was 
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built up on a inatiioinatical foundation, and it is wilU 
matlieraatical discoveries alone that I am here conconuid, ' ,t»- 
mny peidiaps sum up those discoveries by saying that in 
metiy he himself probably hnew and taught the substiiin**^ ,i 


wlmt is contained in the fii-st t^vo books of Euclid, and " 
acquainted with a few other isolated theorems includiug r^****. ^ 
elementary propositions on iiTStional magnitudes (wliil«» 
successoi's added several of the pinpositions in the sixth ^ 

eleventh books of Euclid)] but it is thought that many * 

proofs were not rigorous, and in particular that the ^ 

of a theorem was frequently assumed without a prouf ^ 

Allman’s articles). In the theory of numbei-s he was oonim*'* 


inquiries, and in particular the questions on polygonal niiii*^ 
and proportion, were treated by geometrical methods. i » * M 

that measurement was essential to tho accuiuto dofmition ul* *’• • \ 

Pythagoras thought that it was also to some extent tlm ciuu*‘' * 
form, and he therefore taught that the foundation of llu' Lln ’* » **>' 
of the universe was to be found in the science of numhnrH. I I * ' 


was confirmed in this opinion by discovering that tint 
sounded by a vibrating string depended (other things b(tlii ^4 f l'»* 
same) only on the length of the string; and in particular thntr f I 
lengths which gave a note, its fifth, and its octavo worn in 1 1 
ratio 1 : : -1. This may have been the retmou wliy 

occupied so prominent a position in the exei*ciaes of bin 
He also believed that the distances of the heavenly bodirn J * '* • i * > 
the earth formed a musical progression : hence tho pliriisd * I li«* 
harmony of the spheres’. Taking tlie science of nunihur#-* *i»t 
the foundation of his philosophy he went on to atbrilmln 1 < i'* ♦ - 
perties to numbers and geometrical figui^es: for oxaiupli’i f lui' 
cause of colour was the number five; the origin of lire \vi if* (*> 
be found in the pyramid; a solid body was analogous ti* tlm 
tetrad, which represented matter as composed of tlin rmii' 
primary elements, fire, air, eai-th, and water; and so on. 'I'lim 
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A collectioQ of over thirty proofs of Euc. i. 47 was pub- 
lished in l)er Pylhagorische Leihrsatz by Job, Jos. Ign. HofF- 
manii, 2ncl ed. Mainz, 1821. 

(iv) Pythagoras is also credited with the theorems 
Euc. I. 44, I. 45, and ii. 14: on discovering the latter he 
sacrificed an ox ; but as his school had all things in commoir 
the liberality was loss striking than it seems at first. The 
Pythagoreans of a lator date were aware of the extension 
given in Euc. vi. 25, and Dr Allman thinks Pythagoras 
himself was acquainted with it. It wll be noticed that 
Euc. II. 14 is a geoinetncal solution of the equation a;® = ah. 

(v) Pythagoras allowed that the plane about a point could 
be completely filled by equilateral triangles, by squares, or by 
regular hexagons. 

(vi) The Pythagoreans were said to have solved the quad- 
rature of the circle : they stated that the circle was the most 
beautiful of all plane figures. 

(vii) They Icnew that there were five i*cgiilar solids inscri- 
bable in a sphere whioli was itself, they said, the most beautiful 
of all solids. 

(viii) Prom their phi-oseology in the science of numbers 
and from othor occasional remarks it would seem that tliey 
were acquainted with the methods used in the second and 
fifth books of Euclid, and knew something of irrational 
magnitudes. 

Next ns to tlio thooiy of numbei’S'*’. I have already re- 
marked that in this the Pythagoreans were chiefly concerned 
with (i) polygonal numbers, (ii) the factors of numbers, 
(iii) numbers which form a proportion, and (iv) numbers in 
a series. 

Pythagoras commenced his theory of arithmetic by dividing 
all numbers into oven or odd: the odd numbers being termed 
gnomons. An odd number such as 2» + 1 was regarded as the 
difference of two square numbers (« + !)* and w®; and the sum 

* Seo tliG appendix Sur VarlthmStiquepylhagorienne to Tannery’s La 
science hell&nc, Paris.lSS?. 
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ourioHity ImH Imoii oxditttil lo (liHoovdr wliab wan 1 
Htmtiou of tho firat of Uuiho tlianiaann wliiish was 
oflortHl by ryti»W>niH. If. would noom monl; liko 
baan oiui of tho two folh)wiiiK: 

(a) Any m|iiuro AiUU) (tun bo aplit u|) as lii 
into two Hinuu’oa UK aud }>!< aii'l two aiiual v(ait 
iinil (iK‘. that ia, it in >*i[ual to tlio Hquai'a on FK, 
on liK^ and Ibtn* tinwa Mu« trian^lo /I A'A'. 



ilut if /Wi, f-//, and DK bo mtido ('(pad lo Ah 
oiiaily ahown thal, h'l'VII in a tninat'o, and that t) 
AICh\ ///'V.', cun and Dllh: aro oqnal : Miuh 
yI/W.7I in ahio oqnid to llio muinro on EK and 
llm triaiiKlo AKh\ Honin' tlio ai|uaro on A'/'’ ia o 
Hunt of tho wjnafoa t>n h'K and A'A*. 

{(i) liot A tU! im ti i'ij.'lil. iin)^li'd I i'ian;,(lo, A bait 
aiij^lo. Draw AD iiorpa 



/Id. 'i'lio Irian/'loH AJIC 
aro aindlai‘, 

//r' ; >1// t: d/ 
Kimiliu’ly m!iA<f:\AC 
! lonro 

.1 /iCi A(F JU!i/in i-i 


'.riiiH jiWMif roiniiroH a kiiowloilgo of Mua. n. 
vt. 17, with III! of whioli l'.vtbaKomn wan uaqmunLo'i 
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gorfis was liimsoif acKiuaintod witli triangular numbeva, but 
probably noL with any ofclior polj'gonal nuinboi*s. A triangular 
nuinb(U‘ roprosonts thn Kinn of a number of counters laid in 
rowH oil a piano; the bottom row containing w, and each 
Hiioeooding row ono loj« : it is therefore equal to the sum of 
the HorioH 

n -h (n - 1) -I- (?i- 2) + ... + 2 + 1, 
tliat ia to A ?4 (?i I- 1 ). Thus tho triangular number corre- 
Hponding to -I ia 10. Il'liis is tlio explanation of tho language 
of PytliagoniH in tlio well-known passage in Lucian whoro the 
nuiroliaut uhIch PytliagoraH wlmt ho can toaoh liim. Pythagoras 
roplioH “ r will touoh yon how t(» count.” Mereliant, “I know 
that already.” VnHimjnran^ " How do you count?” Merchant, 
" One, two, bliree, four — ” Pi/lknyorait, "Stop 1 what you take 
to bo four is ton, a perfect triangle, and <mr symbol." His 
HueiioHsorH nmy hiivo tmated of polygonal mnuboi’H, 

Ah I;o tlio woi’lc of tho PythagoreanH on the factors of 
lunnhorH wo know very littlo : thoy elassilled numbers by com- 
paring thoiii witli tlio sum of tlunr integral factor.s, terming 
II mniilu'i' oxci'HsIvo, }iorf<’ot, or dofcctivo according as it was 
groalor tliao, o<|ual to, or loaa than tho sum of these factors 
Tlioso iuvimtigations led to no usnlul result. 

Tlio tlilnl clasM of problems which tliey considered dc 
with nunibdVM which fonned a proportion; thoHO wore 
HUimvlily dlHcnsHcd with tlio aid of geometry us is done in 
liftli hook of I'hicliil, 
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(if Uuv ^itiiiiKinii ri'iiiii t Id I 1 Will) (n 

■ii.mihiu', vh. (» I I)'', il» rmil wmi ((trinitd n nIiI,-, 

(liKdMdf hvd niiiiilK'i'ii wci'i* ('iilli’il luul il'a |ii’diliiiit ! 

('xac.t tKpiurd riidl. it. wk'I ((•I'lni'il iiii nh/tini/. A iiroiluid. o: 
niiiiiliiD'tt wi(!i t'lilli'il u nmufu r, kiuI if l lio llll'[•(l nil 
Wi'i'o i'(|Mi() IL <T/r/(r!. All llliii lliiii dlivintiii ri'fi’li'licn to f'i'u 
iiiiil il)d d|iihidii ill I'diiliriiicil liy Ai inlntlii'n x'liiiki li Umt 
ii ^'tuiiKdii ill ]iiiti rdiiiitl II ii(|idii’i‘ lilt' {l;(iit'i> I'l'iMHiiin u i 

UiiiUj^Ii i(. ill tlMM'i'ilHciI ill (litiM'liidoiiM. 'riliia ill I lid u| 
(i^iii-n ill w-hidli H in liitidii (<({iiiil hi 'i, IIh' I'liniiiini AUC 
Iiiiiuii); I I niiiiill tajiiiii'iiii) wltdii jiiit. rtMunl (lie ii<|niti 
(ciiiitiiiitin^ ri" niiiall iii|iiiir(<ii) iiiii)<d'i a Hi|iiari< ill, (dunt 
d” iiimtil iKjimica). ’I'lid iiiiiiiliiTfi (lla’' i l!u i 1 ), (ll/j,’' .) ;|j 


II K 



(Un. 1) jiiiHfHawiat ajiiTiul iiii|)di'hiii<id an idjiiiim'iiiiuu ilm 
ti'iiUHii mill two HjildH df li I'if'hl uii^(li'il h iaii^'ld; I'rnl'. i 
IhiiikH limb Pylliii^iii-im kiidw {]iia I’anl lidl’did iliiinivdii 
gdoiiiiitriml |ii'0|Hmi(.iim Kui>. i. 17. A iinan /.'din-rnl t 
iiiim for rnioli munhoi-n in (m' i /»''), (m" and Jlw/i ; 
111! uotiri'd tliul I'yltiH^di’mi loiaiiiiidd m • ii |= I ; u|. a. lain 
Avnliytiw itiid J'IhIo iiHHuiiind a. • • I ; !iin|iIiiLii(iia l{iiii 
Konnval rulo, 

Aftnr (.Ilia |n'dlliniimvy dianiiaaidii (Im I'ylliaKornaii 
nniulml to tlin roiir H{ii'o1hI jiroliInniN already aliuded hi. ! 
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tioii, ill iiolav (if a Ijo tlio raduw of tho cylinder) 

\vo liavo for tlio oiinalion of tho mirfaco doaoribod by tlio sorni- 
oiido lift hill /i; of tho oylimlor j-Hiu(?^-.2rtco8r/,; and of the 
cono Hind COM 'I'hoHo cut in u point hucIi that sm''0=i 

mid fi'' (rMu Oy Jloiico tho volume of tho cubo 

whoHo Hido in ,, in twioo Ihiib of a ouho whono Kido is a. I 
immtion tlio prol.lom and ^ivo Ai-oliyW coimfcructioii to illus- 
li'iito liow ooimidonvhlo wan tho hnowlodgo of tho Pythagoronu 
Koluiol III; Unit tinio, 

.Ai'oliylim wmi ono of tho moat iuduontial oitizoiiH of Tnron- 
tuiii, 1111(1 wiiii nmdo govornor of tho city no imu than sovon 
liiuoh, 1 1 in iiidni'iioo among hln contcniporai'icH was vory groat, 
mill lio iiHoil it wit.li Dioiiyniun on ono occhhIoii to navo tlio life 
of .I'lnto. Mo wan noloil for tho attontiou ho jiaid to tho 
(lomrort and I'duoalion of hin nlavon and of oluldron hi tho city. 
Hovoral of tlio loadora of tho Athoniau hoIioo! wore among his 
pupiln and friondn, himI it ia Imliovoil that inuuli of tlioir ivorlc 
wan duo to bin innpiratlon. A cntalogno of hin workn is given 
liy Ifalii'Iiiliin in illh. f/m-o. i. p, Kddj most <if tlio fraginonts on 
philoHopliy woro |inliliahod by TIionniH Main at Uambridgo in 

U would lio a. gri'at niialnko to HuppoHo tliat Milotus and 
'1,'ivi'oiiLuni worn tlio only plaooH whoro (Ji'ooIch worn ougagod in 
laying a noiontilln fmiudation for the ntudy of niatliiniiatics. 
Thono towiin roiin'iioiiLod tho contivH of chief notivity, but thevo 
wtno low citioM or ooIoiiIoh of any imporhmoo \vhoro looturcs on 
pldloHophy and gooiiiotiy worn not given. Aniongst thoso pliilo- 
Hojilioi'M who worn inont intiiiontial I may mention CEuopidos. 
of Oliion (oii'o. fdld o.u. to dlU) Jlo dovotial hiiiiRolfchiofiy 

to antroiumiy, but ho Mtndioil gniiiiotry in Kgypt, and is credited 
with llio noluMou of tlio two prolilciiiK, (i) to draw a straight 
lino from a given oxloriial )»oint porpondioular to a given 
straight lino (l')iui. I. Ill), and (ii) at a given point to construct 
an miglo oipud to a given angle (Kuu. I. 3d). 

Anotlior luiporlant centre was at Klea in Italy. Tlio moin- 
bovH of tlio >SWi(i»f wore fammiH fur the didloultius they 
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mised m connection with questions tlmt required the use of 
infinite series, such for example as the well-kiiown pai 
of Achilles md the tortoise, euunoiuted hy Zeno, born in 
406 n.c. end died in 43B B.O., one of their most prominent 
members. Zeno argued that if Achilles ran ten 
as a tortoise, yet if the tortoise had (say) 1000 yards stait it 
could nerer be overtaken; for when Achilles had gone the 
1000 yards, the tortoise would still be 100 yards in front o 
him • by the time ho luul covered these 100 yards, it would 
still be 10 yards in front of him; and so on for ever; thus 
Achilles would get nearer und nearer to the tortoise but nevei 
overtake it. The fallacy is obvious bi anyone who undeista i 
the theory of a geometrical progression. The time required to 
overtake the tortoise can be divided into an mftnito number of 
parts ns stated in the question, but these get 
smaller, and the sum of them nil is a tote time a te he 
lapse of that time Achilles would be m front of ^ toitoi o, 
Zouo himself citplahicd tlio dilliculty by assorting that nmgl i- 
tudos were not iufinitoly divisible. These paradoxes mado the 
Greeks look with suspicion on the us© of infinite bonos, and 
ultimately led to the invention of the mothod of oxhaustions 
(see p. 42). Zeno resided for some years at Athonb, oiro. 

Tlio Atomistic School Imving its head-quarters in Xhraco 
was another important contre. Its most famous 
Democritus, born at Abdera in 400 ii.a. and died in 370 mo., 
who besides his philosophical works wrote on piano and solid 
geometry, incommensurable linos, porapectivo, and iiunvbors. 

These works are nil lost. . ..,, 1.11 

But though several distinguislied individual pluloaopliora 

may thus be mentioned who during the fifth century loctuwd 
at difFeront cities, they mostly scorn to have drawn tlioir m- 
sniration from Miletus or Toi-eiitvim, and towards tho end ot 
tho century to have looked to Athens as the iiitelloctiial capital 
of tho Greek world: and it is to tho Athenian schools tlmt wo 
owe tho next great advance in mathematics. 



(IIIAPTEll HI. 


'I'llR H(JJIO()T.S OF ATllKNS AND GYZICUS. 

OllUJ. 'P20~I100 31,0. 

I'l' 'WivH (.(vwui’cIh tlio of liluj fiftli contmy boforo Olu-iat 
AUh'uh Ih’Ht Ikhiuiuo tho cliiof conti'o of mathonmtical 
Hovoj’nl (taumw coiihjmimmI to bring tliU about. During 
liluit (lontury alto Inul bocomo, partly by cominorco, partly by 
ajiproprlatiiig C(n' Imu* <jwu purpoHow tlu! contributions of lior 
ullii'H, Uk' luont woaltliy city in Owioco; and tlio gonius of lior 
Htivtosiiion lm<l nmdn Ji<*r tbo contro on wliioh tho politics of tho 
]i((iiinHulii Lnvnod. Moroov(»r wlnvtovor aUvto.s disputed hor 
olaiin tt> poUt-ioal mipronmoy hor intoHcotual pro^ominonoo was 
luliiiittod by all. 'I’lmro wuh no sohool of thmiglit which had 
not at Hoino tiino in that (jontuvy boon roprostmtod at Athens 
hy oim or moro of ita loading thmkors] and the ideas of tho 
now Hoitiuoo, wlnoh wua hoing ko mgorly sLudiod in Asia Minor 
and (iiNooia Magna, had htion Immght bufovo tho Athonians 
on varioua oeoasionH. 

AinongHt tho inoHt important of tlicso philosophors who 
proi*iirod tlu» way for tho Athoniau sohool I nmy niontion 
Anaxagoras of (Jlazoin«n\«i (hOO to 428 ii.o.), wlio was almost 
tli (5 last pluloHophor of tho Ionian Kchool. Ho Rooms to have 
Hotthul at A.thoiiH uliout 440 n.(i., and tlioro taught tho results 
of tlm Ionian philom»phy, Liko all moinbors of that school ho 
was much intoroHUKl in nstmuomy. Ho assorted that tho sun 
was larger tlian tho IhdoponnoHUH ; this opinion, togethor with 
Konm attonipta ho had inado to explain various pliysioal phono- 
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ruena which had been pi-eviously supposed to bo duo to tlio 
direct action of tlie gods led to a prosecution for iinpioty, and 
he was convicted. While in prison he is said to have written a 
treatise on the quadrature of the circle. After his relcnso lie 
lived with Pericles, and he died at Atliens in d-28 u.o. 

The sophists can hardly be considered as belonging to the 
Athenian school any more than Anaxagoras, btit like him 
they immediately preceded and prepared tlio way for it, hO 
that it is desirable to devote a few words to thorn. One con- 
dition for success in public life at Athens was tho power of 
speaking wellj and as the wealth and power of tho city in- 
creased a considerable number of “sophists” settled thoro who 
undertook amongst other things to teach the ai’t of oratoT’y. 
Many of thorn also directed tho general education of tlioir 
pupils, of which geomotiy usually formed a part; luid two of 
them we know made a special study of geometry. TJieso wore 
Hippias of Elis and Antipho. 

Hippiaa of Elis (ciro. 420 d.o.) is only known to ua Ijy 
Ins invention of a curve called tho quadratrix* by means of 


B Q 



which an angle could bo trisected, or indeed dividod’ in any 
given ratio. If the radius of a cirelc rotalo unifoi'iuly round 

* See Part vr. of Dr Allnimi’s papers. 


hippias. ANTIPHO. 
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the centi -0 0 from the position HA t-u 
OJi, anti in the same time a straight liiirf ' '' 
to OB move unifonnly parallel to^ it^ie , 
to BO, the loons of 

lot OR anti MQ be the position „f tl ! T “' 

Sintilarly. if OfS; be another positir:? le ^li.r''’ 

Therefore OU : Oif' = an^o^OP t 

. •. angle AOF ; angle FOP^ Oil' ■ M'M 
Honoo if tlio angle AQP bo dvon mul ,'f 4 .. ’ • , 

cUviflo it in my given mtio it is snffi • to 

that ratio at an.l tl 

(Hvido .40;Mn the voqiiivod ratio. ' ' ‘"'ill tlien 

nip])iaH (levisocl an instrument to conetimct 
moohfvnieally ; but. as stated before, such devicoH 

win 

Aop.o, anti 

oquatioii of the curve is w = 2nd cos Jo ' ’ ^ 

_ . .)■ ti-Iono amongst the ancients attempted to find 

the area of a oii^Io by considering it as the limit of an in- 
sm ibo.1 regular polygon with an infinite mimbe; of sides He 
began by inscribing an equilateral triangle; on each side in 
the Minal m- sognumt ho inscribed an isosceles triangle, and so 

on ad I do nob know whothoi- ho enunciated any 

gonoral thooroniH on the subjeot. ^ 

_ a’liero wort) probably many other cities in Greece where 
snmlar and oqimlly mnritoriouB work ^vas being done, though 
tho rooord of it has now boon lost; and Ihavo only alluded to 
thoHo two^ writoi's in order to give an idea of tho kind of 
invoHtigation whioli was bhon going on all over Greece, 

I’ho history of the Athonian school begins witli the teaching 

B. g 
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of HippooratGs about 420 b.c. : the school was ostublisliod ou 
a permanent basis by tlio labours of Plato and liliuloxiis ; and 
together with the neighbouring- school of Oy/do\iH, contimu'd 
to extend on the lines laid down by those tlii-(U) grout gooino- 
tricians until the foundation (about 300 i^a) of the now 
university nt Alexandria diw most of tlio talent of Orooco 
thither. 

Endoxus, who was among tlio most disfciiignishnd of thu 
Athenian matliematioinns, is also roclconod as tlu» foiindoi' of 
the school at Oysicus. Tho oonnocfcioji bofcwoon this soliool 


and that of Athens was vory closo, and it is now iinpoHsililo 
to disentangle their histories. Tt is said tlnit Uipiiocimtos, 
Plato, and Thetatotua bolongod to the Athoniau Hidiool; wliild 
Eudoxus, Menaschnius, and Aristtoiis hidoiigod to that of 
Cyzioue. Tlioro was always a constant intorcoui’Ho botwcimi 
the two schools, tlio oarliost luoinborfl of botlj hivd bnnn imdor 
the iufluonoo either of Aroliytns or of ]iis pniiil '1,'liondni'iiH of 
Oyrene, and thorewas no didbvonoo in thoir troiitinont of tlnj 
subject, so that they may bo convouiently U’oat(‘d Uigothor. 

Before discussing tho work of tlio goomotrioiahH of ihm) 
schools in detail I may note tJuit they wove oliiolly oouoonuid 
with three problems: namely, tho duplication oraonho, tlio trisoo* 
tioii of an angle, and tho siiuaring of a oirolo. ,N o^v the first two 
of these problems (considered analytically) ro.juiro the solution 
of a cubic equation; and sincoaconstruotion by nnjaiiH of cirolos 
(whose equations aro of tho form -j. c , . 0) and 

straight hues (whoso equations aro of tlie form ,m -i. By y 01 
can only bo equivalent to tho hoIuCiou of a qiiiuimtio or 
biquadratic equation, tho probloins aro iiiHohibli' if wo arc 
restricted to Imos anti oirolos, i.o. to Euolidtmn gotniiotiy. 

If the use of tho como sections is poriuittnd, both of th.iHo 
questions can be solvotl in many ways. Tlio tl.ird problom 
1 T r . . raotanglo wlioBo HidcH aro equal 

icle. These linos have long boon known to bn incom- 
mensurable, but it is only montly that it lins hmn slmwn 
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that their ratio cannot be the rant . x- , 

equation (see Lindemaun algebraical 

Vol. XX., 1882, p. 213r 

thus destined to fail in all threA r. Cyziciaus were 

solve them led to the >>“* ^«smptsto 

prooeaaeB, Besides attacking tlwse wobZ “t't f 
school eolleoted all the geometrical H ^ ^’'^tonic 

arranged them syatemafioally. Mil 
the bulk of the propositions i EnS 

ting.iished from his ooiiton.nl ° u”*" dis- 

colobrated physician) ws one Tf ^thflTatet^lh^ G ‘"'t 

pomotnoians. Ho was bom about ?70 u f f m 

bogon life as a morohant. The accounts dM> 

ho was swindled by tlio Athonian n..»f ' 

wore stationed at the Chersonese, or whither °ol“'''ri'“ 

voasolawas captured by an Athenia^n i 

but at any rate somewhere about 430 n o he"eaL toA ' 

to try to rocovor his property in the lat com^ V 

woa not likely to aucoeod in such a ease and th Atr ^ 

to earn a livelihood; opon^l a s;^ 
omus to have boon well acguaintecl lith the PytWorem 
1 iilosophy thougli thoro is no good authority for^the°8tate 
mont that ho was over initiated as a Pytlmgorean. 

Ho wrote tho first olemontoiy toxt-book of geometry a 
text-book on which Euclid's Aments was probably founded 
and ho may tlioroforo bo said to have sketohed out the Hues on 
y iioh S^omolvy m still taught in English schools. It is 
supposed that tho uso of lettora in dingi-ams to describe a 
figure was made by him or introduced about his time, as he 
Sco Part III, of Dr Allman’s paxiers. 


3—2 
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('■) ’ 1 '' ‘’"'I ''V litnlihi! Ith> luvii mI'u Iiiiio nmhiiiiril 

.(,\v..-n II ii.Miii.'in'I.i ntiil u .|Umlvuuhil nr.- uu |.)im 

,1'"’ ‘li'l i>" rHil.m-,.. U-t, .1 /If I... ail 

pjlit ill... ill.,, I ii, (111, .1 /;/;(' wJinji.. 

iilii' it. O. (Ill ,( /. kimI ,If.' ii'i iltiitinit,. til ili'jH'i'iliit Ii,. mi, ;ii', >1,111 

, ill (III- lisinr.-, Tli.-ii Ml,.'., //f," .j/;« ,(7)^ 

liy Mill’. \||, *.! 

‘ iirmu uf Ji.vji „u mat .J//, 



1 lllll' ll>v [ly till* l'l.|,||l|«i|| 

, , UI.’U .. .1 /,‘( • . ,11111 I.i ill, ,i.i .,f I, II,..., .1 /‘fit „m| J 

"1 I'Kii* in r.|iml Ii.iirnmj of 

' (riiiii)?!.* .1 /,( *, 

(/<} ll«' M.'M iiitlf It lii*Miq,.ii .|/i7V; (i, „ 



h •«. . la aad. rtint »,» t/A, AJ/, /*C, uliii f '/J 
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as diameters descnbed semicircles of wliicli those on OA and 
AB are drawn in the figaw. Thou AD is double any of tho 
lines OA, AB, BG ami CD, . •. AJ)^ = OA^^ + AB'^ + BG^ + QD\ 

. \ area |■©^-5C'i)=aumofareaa of 1^08 011 OA,AB,BO, and GD. 
Take away the common parts 

. •. area trapezium ABCD = 3 luiie AEBF + © on OA, 

If thei'efore the ai*ea of tins liino is known, so is that of tlio 
aenuoirole described on OA as diameter. According to Simpli- 
cius, Hippocrates assumed that tho area of this hum was tim 


same as the area of the lune found in proposition (a); if this 
be so he was of coni-se mistaken, as in this caso ho is dealing 
with a lime contained between a somicirclo and a soxtautal 
arc standing on fclio same choi*d: hut it sooniH probablo that 
Simplicius misunderstood Hippocnitos. 

Hippocrates also onunoiated various other thooroms con- 
nected with luues (which are collootod in Brotsohnoidor) of 
wliioh the theorem lost given is a typical oxamplo, I boliovo 
that they are the earliest iustnncos in whieJi areas bouiuhal by 
curves were determined by gooinotry. 

The other problem to which Ilippooratcs turned his atten- 
tion was tlio duplioation of tho cube, i.o, to /inti tlm sitlo of a 


cube whose voliuno should bo double timt of a given oubt). 
Philoponus says that tho Athouiaiis, when Bufforing from tlio 
gi-eat plague of eruptive typhoid fover in 430 n.u., oouBultod 
the Oracle at Delos os to how they could stop it. "Apollo 
replied tliat they must double tho size of Ids altar which was 
in tlie form of a cube. Nothing soomod moro ouBy, and a now 
altar was constnicted having ooch of its odgoH doublo that of 
the old one. The god, not unnaturally indignant, made tho 
pestilence worse than bofoiu A fi-csh deputation was aocord- 
ingly sent to_ Delos, wliom ho informed that it was uboIohh to 
trifle with him, as ho must have his altar exactly doiiblod. 
Suspecting a mystery they applied to tho geomotrieians. Plato 

m to Euclid who had mado a spooial study of tho probloiii.’^ 
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'I’Jh! iipixtiU'iinen of KiicH(1'h immn .■« 

timt „|„,|c ,vv„t„ it i„st„,„, „f a,a"of h”' 

till* inodimvnl wi-itorH aiul coi.vistt. tw, ^ ! ^^^ocratesj for 

Hudiil till, iiiutlicnLiJ “ 

H'.l'l'"!' Hn.li.l ,,1; 'Via the Philo. 

Mu,0, i„ H,„ UU.I at auTmtotr'^ 

'‘I'vnye k,„av„ „„ tl„. ° 

H Hiimiuf iu.(r,un.t of iIh oriKln, Imt gives 

Lo (iliiit ol' (iiiiliiig two iniJiiiiH ■« niKl 1 tlio question 

{>ih 'iH.l 111, ol, 1, 01 ' twieo long (^4 - ft,, tr“'‘ 



VI "" ?E. ;,'.t ~ 

■i lH lmi„K woalthy, la, I| " ^r" ?/' "“‘1 “ 

til" lUM-miilH ihat h,l..,iv„i,.,l hi, a ||„ ‘o 

i;"i'" '■-•Will «iXi. : 

“ I «• AMnmi. uhoHi; Uio ynar 3«0 lu;., and formed 

uTr^ » H'llmi'lmn gymnnmuin called the 
,/\i ion in^. I (o jj.jg II 

lilnt i>tlM,g.,raH. was la-imarily a philoHophor, and 
'■-•Ho- I u. that of ilio XVtluigoniunH J oobured 
‘ ‘ '-HI. U .0 Nourot of thu universe was to bo found 

'■•>''• 1 . .lienee, aa Xludennis says, *<ho ex- 
l*H,Ued on every oeeaHio.i Oio roinarkubln oeimootion between 
iniilheioatirn and plnbwopliy." All tlio authorities agree that. 
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unlike many later pliilosophers, he made a study of geometry 
or some exact science an indispensable in’eliiniuary to tliat of 
jjlnlosopby. The inscription over the ontranco to his school 
ran “ Let none ignorant of geometry outer iny door,” and on 
one occasion an applicant who know no geometry is said to 
have been refused admission as a student. 

Plato’s position ns one of the masters of the Atlionian 
mathematical school rests not so much on liis individual dis- 
co^'el•ie^ and writings ns on the extraordinary iiiflucnoo lio 
exerted on his contemporainos and successors. Thus the ob- 
jeotion tliat he expressed to the uso of any instruments other 
tlian a ruler and a pair of oomiMissos in tho coiistrnotion of 
curves was at once accepted as a canon which must bo observed 
in such problems. It is probably duo to Plato tlmt subsoquont 
geometricians began tho subject with a carefully compiled sorios 
of definitions, postulates, and axioms. Ho also systouuitisiod 
the methods wliich could bo used in attacking inathumatioal 
questions, and iu particular directed attoiition to tlio ^'aluo of 
analysis. Tlie analj'tioal method of proof begins by assuming 
that tlie theorem or problem is solved, and tlionoo deducing 
some result! if the result is false tho thoormu is not true or 
the problem is incapable of solution: if tlio result is known to 
be true, and if tho stops aro rovorsiblo wo got (by rovorsiiig 
them) a syntlietio proof, but if tho stops nro not rovorsiblo no 
conclusion can be drawn. Numorous illustrations of tho motJiod 
will be found in any modern toxt-liook on goomotry. If tho 
classification of tlie methods of logitiinato induotiou givou by 
Mill in liis work on Logic had boon xuiivorsally aoeoptod, and 
every new discovery iu soionco had boon justified by a roforonco 
to the rules there laid down, he would, I imagino, have ooou- 
pied a position in reference to modern soionco somowluit analo- 
gous to that which Plato occupied in regard to tho matliomatios 
of his time. 

Of Eudoxus* the third great mathoiimtioian of tho Athenian 

* See Part v. of Dr Allmon’s papers. 
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been equally ^vell placed towards the end of the second hool^' 
They are all obvious algebraically, since ^ = a + 5 and = U 

Eudoxus further proved the “method of exhaustion^/' 
namely “if from the gi-eater of two unequal magnitudes thoi*«’ 
be taken more than its half, and from the remainder more thfvii 
Its half, and so on: there will at length remain a magnitiiclti 
less than the least of the proposed magnitudes.” This propoBi- 
tion IS given in Euc. x. 1, but in all the modern school editioriia 
It 18 printed at the beginning of the twelfth book. By the ttitl 
of this tlieorem the ancient geometers were able to avoid tlit’ 
use of infinitesimals : the method is rigorous but awkward of 
application. A good illustration of its use is to be found iai 
the demonstration of Euc. xii. 2, where the proof (ns was usual) 

18 completed by a reductio ad ahiurdum, sliewing that tlii’ 
square of the radius of one circle is to the square of the radiuH 
of another circle as the area of the first circle is to an aroiv 
whicli IS neither less nor greater than tlie area of the secoiic,! 
circle, and wJiich therefore must be exactly equal to ibr 
Eudoxus applied the priuciple to shew that the volume of ft 
pyramid (or a cone) is one-tliird that of tho prism (or cylinder) 
on the same base and of the same altitude (Euc. xii. 7 aiicl 
10). Some writ6i*8 attribute Euc. xn. 2 to him, and not to 
Hippocrates (see p. 36). 

Eudoxus further considered certain curves other than tho 
oirclo. In partioiriar he discussed some plane seotions of tho 
anchor ring, that is, of tho solid genevnted by the revolution of 
a circle round a straight line lying in its plane. (He assumocl 
that the line did not out the oii-olo.) A section by a piano 
through tins hue consists of two ciiYiles: if tho plane bo moved 
parallel to itself the sections are lemniscates j when tho i)laiK 3 
hrst touches the sm-face the section is a “figure of oiaht » 
generally called Bernoulli's lemoiscate, wliose equation in 
3 - a cos 25. All this 18 explained at length in nearly every 
book on sohd geometry. Eudoxus applied the latter curve to 
explain the apparent progi-esaive and retrograde motions of tho 
pianetsj but wo do not know the method he used. Ho wroto 
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the two followiug ways to give a solution of the problem 
to duplicate a cube. He pointed out that two parabolas 
having a common vertex, axes at right angles, and such that 
the latus rectum of the one is double that of the other will 
intersect in another point wliose abscissa (or ordinate) will 
give a solution : for (using analysis) if the equations of tlio 
parabolas are y'‘=^2ax and ^ = ay they intersect in a point 
whose abscissa is given by cc* = 2«®. He also shewed that 
tJie same point could be determined by the intersection of the 
parabola 2/®=2«A’and the hyperbola xy = ci?. Tho first of 
tJiese methods was probably suggested by the form in which 
Hippocrates had cast the problem, viz. to find m and y so that 
a : ir^aj : 2 / = 2 / : 2«, which gives at once m^=ay and y^==2ax. 
Ill luy opinion tho solutions show that he was well acquainted 
with the fuudainoutal properties of those cnrvoB, but somo 
^vriter8 think tliat lie failed to connect these curves with tho 
sections of the cone which he hn<l discovered. 

Of the subsequent members of these schools tho only 
mathematicians of first-rate power wore Arlstaus* and Thera- 
tetusf wliose works are entirely lost. Wo know liowovor that 
Ai'istanis wrote on tho five I'egular solids and on conic sections, 
and that Themtotus developed tho tlieory of incommonsurablo 
magnitudes, The only theorem wo can no^v definitely asoribo 
to the latter is that given by Euclid in the ninth proposition of 
tlie tenth book of the Elements: namely, that the squares on 
two commensurable riglit lines have one to tho other a ratio 
which a square number has to a squam number \ and convorsoly ; 
but the squares on two incommensui’able right lines liavo ono 
to the otlier a mtio whicli cannot bo expressed as that of a 
square number to a square number; and oonimrsely. Thoir suc- 
cessors wrote some fresh text-books on the elements of geometry 
and the conic sections, inti*oduced problems ooncornod with 
finding loci, and efficiently carried out the worJc coiumonoccl 
by Plato of systematizing tho knowledge already acquired. 

* Soo Ptu'fc VI. of Dr Allmau's jjapors. 

t Soo Fai't VII. of Dr Allmau’s papers. 
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CHAPTER IV. 

THE FIRST ALEXANDRIAN SCHOOL, CIRC, 300 — 30 B.C. 

Section}. The third ceniary before Ghnst. (Euclid. Ai-ohimedos.) 
Section 2. The second century before Christ. (Hipparchus. Hero.) 
Section 3. The first cmtnry before Christ, 

The eai’liest attempt to found a university, as wo understand 
the word, was made at Alexandria. Riclily oudowod, supplied 
with lecture rooms, libraries, museums, laboratories, gardens, 
and all the plant and machineiy that ingenuity could suggest, 
it became at once the intellectual metropolis of the Grook race, 
and remained so for a tliousand years, It was })nrtioularly 
fortunate in producing witliin the first century of its existonoo 
three of the greatest matliematicians of antiquity — Euclid, 
Archimedes, and Apollonius. They laid down the linos on 
which mathematics were subsequently studied, and, largely 
owing to tlieii’ influence, tlie history of mathomatios centres 
more or less roimd that of Alexandria until tho destruction 
of the city by tho Arabs iu 641 a.d. 

The city and uuivei-sity of Alexandria were created under 
the following circumstances. Alexander tho Great had as- 
cended tho tin-one of Macedonia in 336 b.o. at tho early ago of 
20, and by 332 b,c. he liod oonquorod or subdued Greece, Asia 
Minor, and li^pt Following tlio plan ho adopted whenever 
a commanding site bad been loft unoccupied, ho founded a now 
city on the Mediterranean near one mouth of tho Nile ; 
and he liimself sketched out the ground plan, and arranged 
for drafts of Greeks, Egyptians, and Jews to be sent to occupy 
it, The city was intended to be the most magnifioont in tho 
world, and the better to secure this, its erection was loft in tho 
hands of Dinoci-ates, the ai-chiteot of the Temple of Diana 
.at Ephesus. 
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Thv, third mtUiri/ bofuro GlmH, 
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of imti<|ulty, niiiurly Kuolid, AroliiiiioiluH, and Apolloiiiuw. 
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Tho oarliost of tlioHo was Euclid*. Of liis liCo wo know noxt 
to nothing. Ho was of Gwjok dosociit, and was lnn'ii, jiosHihly 
at Tyi’o, about 330 )).o. ; ho dhal soinowJun’o al)oiit iiTf) ii.o. 
Ho was woll acquaintod with blio I’lalnnio gtiiiniiitvy, Imt dooH 
not aoQin to hnvo rend any of A risfcotlo’s works; and laiili theso 
facts Htrongtlion tho tradition that Ixi was odiicalod at .A.tln'ns. 
But wliatevor may have hmm his piaiviniis training and iiuroor 
ho proved to bo a most hu(!(!().shEuI tt^aelnw wluni sottliid at Alex- 
andrin. Tie impixtssod his own indivulnality on tho loaeliing 
of tliQ now univorsity to suoh an o.xtcmb that to his siKuamsors 
and ahnost to his oonteinpoi’urntH tho nanio I'liiulid inoaiit (as 
it does to uh) tlu) liook or liooks ho wroto, JUid not tho man 
liimsolf. Homo of tho mcdimval wrilois wont no far as In deny 
his oxistenco, and with tint ingonuity of pliilologisls they ox- 
plainod tliat tlu» term was only a eorniption of iuXt. a key, and 
815 geometry. 'ria« hn’ima’ word was jiri'sunnilily derived from 
k\((s. .1 can only explain tint moaning nssignod to liy tlio 
cunjeoturo Uiab as tho BythagoroauH said iliat the niuidjor two 
syinboliKcal a lino a sulioolman may possihly have tliouglit that 
tlu) ropvoHontation eotdd ho oxUauhal to goonntlry, 

.U'roin tint nioagnt noticos of Kuuiid whieh have oonio <lowu 
to us wo lind that tho saying that tlioro is no royal road to 
gooinotry was altrihuUal to Kuoliil as well as to Mena'olimus; 
but it is nu (vpigrammatio romarlc whieh has had many iiiu- 
tatoi'H. “Quid diahio pourrait iintomlro oola't’* said a Ifi’omdi 
manpiis to ,l.{olmHlt; to wliioli tho latter made tlm apt reply 
“ Uo Horait im diubht qui aumit <h> la pationeo." Mmdid in also 
said to have iimistod that knnwhalgij wan worth aetpiiring for 
its own sake, and HtolNons (wlm is a snmuwhat douhtful antho. 
rity) tolls us that when a lad who liad just hegim geometry 
asked “What do ;i: gain hy learning all tliis stuIlT' hluolid made 

* Hoc tlio Arllfllo JiiioMili'g hi NmUh'n IHulhmiry of (Imk nnd 
liomnn Jllonruphy, by A, do Mmunn, Lendeii, ili« Ailiole on 

Ivivllmil QuantUij In tho Punny dyohptcdln, by A. iln M'mnnii, liondon, 
181)9 5 end LilterarymhtohUiebe SluiUcn illwr I'htliliil, by iT. b. Holbom, 
Leipzig, 1SB8, 
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Tim iMMilrni loxl«- M roiiiulod on an edition jii'opiivocl by 
1 honii, llui iiilhi'i’ of HypiiUn, and ja pvnolioally ii Imnnui'int of 
liix hailuroa at Ahwandna (oiiu IWO A.n.). Thoro ia im older 
(I'St at Iho Valioaii, and wo Imvo hosidoH (piotationH from 
llii* work and r«-f«*ronooH lo it by iminorovm writow of vaviouR 
daira. l'’roiii tlmmi Hnun-oa wo Kiitlior that lliiv doiinitioiiH, 

'‘"'I I’OHl'Ulab'H won. ro-armuKod and Hlightly altorcd 

liy mdiaoinii-iit odUora, buUlmt (ho propoaitioiiH thonmolvoH nro 
anliHlaiilially an I’hiolid wrolo llioin. 

Ah lo ihi. innltor of tlio work. Tho gooinotrioal part k to 
a lai'Mo cMmil, a oonipilnliiiii fnna (hi. wairlcH of imivioim writora. 
Tliim tlio Nidiatom-o of Itooka i. and n. Ik inol.alily duo to 
TylliiiHoraM ; (hat iifhook in. to JripjioomtoH ; tliat of book v. 
to l'bnii»\UM i and llio hulk »C liookK iv., vr., xi, ami xii. to 

MohI Ilf llio iihhIwii luxldiiHiliH lira foamUnl on HiiiiHon’fi odition. 
.Iiohn ‘1 Sivmii, who wkh horn in IIIH? niid (Hurt in 17(1H, wna iirofcHHor of 
nmllii’iniilii'ri at ili<i uidvfrwiiy of (Uhhkow, Iln wrolo monvl works on 
Hiial.'iit an.im.liy i omi wbloli ia on (hu Ximiyuy^ of Papima is flUll im- 
liulilkliiid. 
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the later Pythagorean or Athenian schools, But tins inatcn’ial 
■\vas re-arrangecl, simplified by the omission of obvious clochic- 
tions (e.g. the proposition that the perpeiuliculara from tho 
angular points of a triangle on tho o[)posito sides moot in a 
point was out out), and in some casc,s now proofs substituted. 
Tho part concerned with tho tlieoiy of iiuinbors would seem to 
have been taken from the works of Eudoxus and Pythagoras, 
except that portion (book x.) which deals with irrational mag- 
nitudes. This latter may be founded on tho lo.st boolc of 
Theietetus, but mucli of it is probably original: for Proclus 
says that while Euclid aii-anged the propositions of hhidoxus 
he completed many of those of Themtotus. 

Tlie way in which tho propositions arc proved, consisting of 
ommoiation, statement, construction, proof, and oonclusioii are 
due to Euclid : so also is tho synthetical clniractor of the work, 
each proof being written out as a logically correct train of 
reasoning, but without any clue being given to tho inetljod by 
which it was obtained. 

Tho defects of Euclid ns a text-book of geometry have boon 
often stated, and are 8\imTno(l \ip in do Morgan’s artioln in tho 
Dictionary of Greek and lioirmi Mography. Tiio most pro* 
minent are these, (i) Tho definitions and axioms contain many 
assumptions which are not obvious, and in particular tho so- 
called axiom about paiullol linos is not solC-ovldont*. (ii) No 
explanation is given as to tho i-oasoii why tho proofs take tho 
form in which they are prosontod, i,o. tlio synthotioal proof 
is given but not tlie analysis by wJiioh it was obtainod. 
(hi) There is no attempt raodo to gonernliKO tho rusults iirrivod 
at, e,g. tho idea of on angle is novor oxfcondod so as to covor tho 
caso wliero it is equal to or greater than two right unglesf. 
(iv) Tlie sparing uso of siiporpositiou as a motliod of proof. 

^ * It would scorn from tho recent rosoarohos of GiftHsmaun and 
Riemann that it is incapable of proof. 

t Tho second half of tho -Sard proposition in tho sixtli boolc, as now 
printed, appears to be an oxeoption; but it Is duo to Thcon and not tO' 
Euclid. 
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(v) The, ol^Hilu'alim m vmj impoi-fMt. And (vi) th„ i 
iiinKHicHHiii'ily loii^uiul vorlmwi. 

On (.hn it Htill mmiins in tho main a woll 

arr.in«.Hl nhnin nl; K.Hmmlnoal rnasniunf?, pmcm-clinK from 
.).n lfun a muHl, Ml>viouH «HHinn,,tunm by <,asy stops to miilts of 
(U)iiHi.loiHl.lo oninplnxity. Tl.o iloiuonstmtions ai'o rigorous 
()j(:.m Infant, uinl not too .nnUmlt for a boginnoi-. Lnsblv’ 
nonvly all tin, nirmnntavy (as (,pposod to tlio graphical) 

l.rnpni'tma nl apaon un. invostigaUal. Tim fact that for two 
UmuMaml ynara it Inm hrvu tho m-.offuiml toxthook on tlm 
aulijnot lulnna fiirtlmr a atmiig pivmnnption tliab it is not 
unanilahla l\a- tJm jairpnm,. Dnrh.g tlm last fow years somo 
(Intnnniinal HluHa Imvn liom. imulo to displace it in our schools, 
liuti tlm niajni'ity of exiim-iemaMl teaelioi-M still nsgard it ns tho 
ii('ab I'niuKlatimi for gc.onml,rieal leiudiing t))at lias yob boon 
publiMlmil, Tn thin il. nmy Im added that somo of tho grontost 
iiiulJmiiiatleiiiuH nf innderii tinma, sueli as Dosciirtea, Bisoal, 
Nnwtnii, and [.agningcv advneaUal its retention as a toxt- 
lionlc! ami LagiaiiKe said that ho who did not study geo- 
metry in I'lmdhl would he as ono who should learn Latin and 
(Ironic IVnin iimrierii works written In those tonguos. It must 
also he I'l'iiniiiihnred (litil. there Is an immonso advantage in 
having a single texl-himk in univemd use in a subject like 
geniimtry. Tin, unsutisfaettiry condition of the teaching of 
geomeM'i<nd «!i,njca in sifhools is a sCamlnrd illustration of tlm 
evils ol using <lill'ei'enl; text-hnnlcs in sueh a subjeot. Komo of 
tiionlijeetinim urged against Kuclid do notaii])ly to cortain of tho 
riieent selmol edilions of Ids JihumtH. Tlm hook has Imwuvor 
111, on generally idiandnimd on tins conthnmt, though apparently 
with very d<aihM'nl iidvnntagit to tho teaching of geomotry. 

I <lo not niyself think tlnit all tlm olyootions above stated 
can fairly he )irge<l agiiinst .Miiclid liunself. Hu puhlisliod two 
colieetloiis of |ir>ihleiitN giniorally known ns tho A«8r)/icVa or 
Data (cool, lining i>h prohleniK) and Urn Ih divimnihus, 'rJms(j ■ 
ennsisL nf a graduated aeries of riders, with hints for thnir 
Holutioiij they would nllord a auiliciunt oxcroiRu to uniihlo a 

-i— 2 
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»tu(lont ko (liKCOvor tlio iiiiitlyHiH wliiiOi |(m 1 In Um pronfH ^'ivoii 
in Euoli<l, tunl bhuH Kunioiniilly niiHWnr llin ohjnnliou. 

Tlio liittor of tlioKo bwo ImioK'h luui only <!otnn down (,o ns in n, 
mnltitidiud coiulibiou. 

I may lioiu add a bin-own onb hy do iMoi'gnn, 

who is jKirlmjm Uiu inosb mnibo of id) Dm inodoi-n ovibicH of 
Euolid. ll.'o Uiinkn il liltoly bliab llm h!l<'iii<i,tn wmo wribtim 
bowiirds kl)o oIoho of I'hmlid'H lifo, and llmir inrsonb I'onii I't^jn'o- 
Honbs tlni first draft of llio j»ro|io!«td woi'lc, wliioli, with tlio 
oxooption of tlto lontli tioolc, Knolid diil imb livo lo roviso, If 
tluH oiiiiiiou Im aoiToob, it ia prohaldo lliab Diiolid would in 
Ills roviHion havo roniovod blio fifbli olijoobion. 

Tlui g(tomotrl(!al piirl Hof bim IChsiiii'nl h ivro no woll liiiown blnib 
1 nood d»>no tnovo Uuui alliido lo bimin. Tim linib four lioolcs mid 
hook VI. iloal with plmm gronmbry ; Dm llmory of inojiorlion (of 

any mngidbudoa) ia dinommod in hook v,; and I .\i. mid xn. 

tviuit of solid giaMimtry. Ai!ro|.|.ing do Morgan’a liypol lnmiu Dnit 
tlio Elmmta aro blm lirat dnift of Mimliirn propoiaiil work, it is 
po.HHihId tliat lioolc xin. is a H«n-t of appoiiilix nonlaining hoiuo 
additional propositlnim wlnoli wotdil itibiinaloly liavo Imon pul 
in ouo or otimr of Llm mrlior hooka, Tliiia ua nmni ioimil aliovo 
(mm p, 'll) tlm llvat livo proponiliona whioli doal with a lino 
out in gnldoii mmtion might ho luldnd bo ||io imrond hook. Tim 
imxtimvmi lu-oiamitionH mo ooimm-m-d with Dm loliilioim hoiwimn 
oorluiu inoominmiHumhlo linoH in plmm lignr.-u (mndi us llm 
radius of a oirolo and tlm Hidoa of an inimi'ihi'd ri'gidar I I'ianglo, 
poiitiigiiii, lioxagon, and d.magon) whioh mm timalod hy nmmiH 
and iiH an illuabrabion of tlin nmlliodti of Dm li<nlh hook, Tlm 
livo rogular aolida am diiumaand in tlm insl ion pi'o|io8ibiniiH. 
Hmtsulnioidor ia imdhmd (o bliink that llm Diirhs-nMi hook ia 
a HUiniimry of part of bho lost work of A rial mini: hub blm illus- 
tratioiiH of Dm nmlhodH of bim tonlh aim mosb prohidily duo lo 
Tlmnitotua, 

IkioltH vii., VIII., I.V., and .v, of i)m lilnm’iitH mo given up 

to tlio thorny of iimnhui-H. mb of ralouhition or 

Aoyio-Tooi wim hmglib to huy« wimu .piilm yoiing, it wan abig- 
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fio.n n.,,oK ...aliWinatonna; ,,oi- was it rogavdotl as fomuna 

au dd 'hatiT' 1 '>» l»°"' Low it wa? 

taugl.l, 1„ t Uu, al,a„„« cwhunly |.|„y„d a pron.inont part in it 

I lio suumt.lia ti-„atli,„„t ol’ aw w„b cikd a7„s„„ - 
.1 lava l.™.„ gcmomlly tra.islatal as tI,o sci,mco of” ma! 

Z,l. r to »tio, l^'oportion, and tl.o 

U.oo.y ,1 It ,» with tl.is alonn that most of tim 

(ixttuili (Inidlc wtH’ka (lonl. 

I n iVmmmin^ Kxm\UVu armngonmnt of the subjcoi,, wo must 
tJmvol.u-., hoai- m mhul that thoso who attondocl hk loctuves 
Avm'(» nhvady fiuuiliav witli tlio art of calculation. TJio system 
oi muiiomtmu ,u!oi)t.al hy tlm G.-c«k« is (lcscnl)oa lator (soo 
oJuip. vu,). l.ut it wuH H(. olimmy tliat it i-cmlorocl tlio soiontifio 
tvoatmmit ot uumhcnH muoli movo difncult timn tliat of goomotry : 
JU)1U)(! I'uuilld oomiiioiicod his maUiomatical oouvso with piano 
gmmiotry. ,A.t tint Kamo time it must ho okorvod that tho 
I’OKulfcH of tho Hooond hook tliougli goomotvioal in form ai-o all 
of ('Xi.roHHion in algohi-aicul langimgo, and tho fact 
tluit nuiiihors omild ho ropn-Hontod hy lines was probably 
insiHUid on iit an oarly Ktago, and illustmtcd by conoroto ex- 
amploH. TIuh inolhod of uHing linoH aa Kymbols for lumibors 
poftHi'HKoa tho obvious advantago of giving proofs which are truo 
for all nuiiibm-H, rationnl or irrational •, it will bo iioticod that 
in hook n, amongst otlmr things avo got a goomotrical proof 
ol tho distrihutivo and comnmtativo hiAvs, of tho rulo for muHi- 
)»lic(vti(m, and (inally goomotrical solutions of tho eejuations 
(-1“ -i- - ft" : . 0 (hlmi, II, 11), ami (Fmo. n. M) ; 

tho Sfilul.ion of dm ih-ut of tlioso (i<iuations is given in tho 
form Vft''-i-(^ft)‘'--i|ft. Tho solutions of tho oijuatlons 
and i»i'‘ - f/;j! I) :i3 0 imt givou lator in .Kuo, vi. 28 and vi. 29. 

Tim rcHultH of tho lifth hook in which tho blioory of propor- 
tion iH (tonsidored ajiply to any iiittgnitudon, and thoroforo aro 
truo of mi III hors as woll us of goomotrical miignitudoa, In tho 
opinion of do Morgan it is hy far tho oosiost Avay of treating 
dm theory of proportion on a soioutiflo basis; and it Avas used 
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by Euclid as the foundation on wliich lie built the thooiy of 
numbers. The theoiy of proportion given in this boolc is 
believed to be due to Eudoxus. Tlie treatment of the siiinn 
subject in the seventh book is much loss elegant, and is 
sup])osed to be a vejjroduction of the Pythagorean teaching. 
Tliis double discussion of proportion is, as far as it goes, in 
favour of the conjecture that Euclid did not live to roviso tlie 
work. 

In books VII., viii., and ix. Euclid discusses tlio theory of 
rational numbers. Pie commences the seventh boolc with some 
definitions founded on the Pytlmgorean notation. In projio- 
sitions 1 to 3 he shews that if in the usiml process for finding 
the greatest common measure of two numbovs the last divisor 
is unity, tlie numbers must be prime, and deduces tlio rule for 
finding their g.o.m. In propositions 4 to 22 ho deals with tho 
tlieory of fractions, whicli he founds on tho theory of proportion. 
In propositions 23 to 34 ho ti*eat8 of prime numbers, giving 
many of tho theorems in any modern toxt*boo)c on algebra 
(e.g. Todhunter, chap. 52). In propositions 35 to 41 lie dis- 
cusses the least common multiple of numbers, and some mis- 
cellaneous problems. 

The eiglitli book is chiefly devoted to numbers in continued 
proportion, i.e. in a geometneal progression j and tlie oases 
where one or more is a product, square, or oubo aro specially 
considered. 

In the ninth book Euclid contiiiuea tho disoussion of geo- 
metrical progressions, and in proimsitiou 36 he onnueiatos tho 
rule for the summation of a series of n terms, thougli the 
proof is only given for the case whero n is equal to 4. He 
also developes the tlieory of primes, shows that the uumbor of 
primes is infinite, and discusses the properties of odd and 
even numbers. He concludes by showing Jiow to construot a 
“perfect” number (see p. 27), 

In tho teuth book Euclid treats of iriutional mngnitiulosj 
and as the Greeks possessed no symbolism for surds ho was 
forced to adopt a geometrical repi’esentatiou. Tho first twenty- 
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(Hid guHomlly with incommoiisumblo imigni- 

UiildH. 'I’lii' i-dHt ol' Uu> hook, iiainoly pvopoNitloiiB 22 to 117, 
in (IdvoUid to b!ui (liHoumion of ovory iio«Hiblc variety of linos 
wbidli (mil lio im|.r.mdnU.a by Jb), wlioro « and b 

(liHM.t.) (.(.innidiiHurablo linos. TIiomj aim twonly-nvo spocios of 
midli liiidH, uiiil that I'liutlid otmld dotisot and olassify thorn all 
in in tlio opinion w> (lompotoub un authority as Nossolnmnn 
thd imiHt Htriking illustration of Ids gonius, It sooins almost 
inipnssiliti' tliut tills could Imvo boon doiui without tlio aid 
of iilgdlini, liiit thd iivitlonoo is olotu- that it was omictiid by 
ulrntract I'inismiing. In tho lust jiropoRitioii 117) tho sido 
imd diugonid of a siiimro aim provial to ho incoiumonsmublo i 
this is (lonnmHLmtdd by an m •thmnh proof, ns it is shown 
that II they wovo nob an tlin huiiio iminhor must bo both 
odd and nvnn. iianko) bediovos that this proof was duo to 
Jl.vtlmgoi'fiK, and was insoi-tod (»n aocoimt of its liistorical 
intdi'dsl. Tho [ii'oposibion is (dno pwvod, and iniioh inoim 
ohigaiitly, ill x. i>. 

In addition to tlni IClv.numls and tint two collcobions of 
vidoi’H almvo nllinhid to (wliioh aim oxhuit) JCnolid wroto tho 
fidhiwing iiooIcH on gcomotry: (i) an olomontary trontiso on 
viinli) m'li'niiH ill Ibui- lioolmj (11) a hook on cwi'iJt'i/ mifacfis 
(pi'ohiil)ly oliiolly tho ootio mid cyliiidor); (iii) a collection of 
i/iuuiniririil Jh/lurirti, which worn to ho used ns oxuvoisoH in tho 
(idtdctiim of laTiirs; and (iv) a troatlHO on /wWhmj.v arraugod in 
tiii’do liiaiks. .All nf ilioso urn lost, hut tho work on poi'isms is 
dismiHHiid at sucli Idiigth hy I’niuluH, that soino writers havo 
tlioughl. it possililii to roMUiro It. In piirtioiiluv Olmshis in l«fiO 
pnhliHlidd M'liiit purports to ho a im|ir(>chioticm of it, in which 
svill bo found tlio conooptioiiH of cross riitioR luid jirojiuition; 
ill liiot tliofio ideas of iiindorii goomotry wliioh OltiisUm andotber 
Nvi'itoi'H of this ooiilnry havo usod ho largoly'. 'J'lils is lirilliaub 
and iiigonioiiH, and of oourso no oiin mn provo that it is not 
i^xiiolly wliiit I'liutlid wrote, Imt do Morgan frankly says that 
lio found tho Hintoniont-H of .IVoolus imiiitolligiblo, and innab of 
tiniso who road thorn will, I thinks concur in this judyiuont. 
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Euclid published two books on optics, nainoly tho Optiv.K 
and the Catoiitnca. Of tlicse tho forinoi* is oxtant, and porliiipH 
the latter too, He commonces with the nssuniptien that oli- 
jects are seen by rays omitted from tho eye in straight linoH, 
“for if light pi'oceoded from tho object we should not, us 
we often do, fail to poi'ceivo a noetUe on tho lloor," 'I'lu) 
geometry of tlie books is ingenious. In tho Catoplrim, if it is 
the original work written by Euclid, ho disousso.s rollexioiis in 
plane, convex, and concave mirrors. 

Euclid also wrote tho a troatiso cm gooinotrioul 

astronomy. It contains references to tho work of jVutolyoiis 
(civo. 330 D,o.), and some book on spherical gooinotry by an 
unknown writer. Proeliis assorts that Euclid also ooiupoHoil a 
book on tho Glements of music: this may rofor to thcj Soctio 
ortnonis which is by Euclid, and deals with musical intorvalh, 

To these works I may odd tho following little prulilom, 
which is attributed to Euclid. “A muhi ami a donlcoy wm* 
going to market laden with wheat. Tlio imd<» said ‘ if you gavi* 
me one measure I should carry twice as much us you, l)ut if J 
gave you one we should boar equal burchms. 'L'oli imi, loariiod 
gflomotrioian, whnt wore their biu-duns.'” .It is iiupossiliU^ 
to say wliotlior.tho question is gomiiue, but it wo\ild scum to bn 
of about Euclid’s tinio, and is very much tlio kind of (jiuisUon 
lio would liavo asked. 

Numerous editi-ns of Euclid’s works liavo been iHsuod. 
The latest complete edition is that by E. E, August pi’inloil 
at Berlin, 1826-9. An aceurnto English transiatinu of the 
tliirteen books of tho J'Jlemenls was published by J. Williamson 
in 2 vols, Oxford, 1781, and Wlon, 1788, hut tlui iiotos are 
unreliable. Thero is another .English translation by .1 Jarre w, 
London and Cambridge, 1660, 

It will bo noticed that Euclid dealt only with niagiiitudcH, 
and did not concorn himself with their numurioal imiasuius’ 
but \t would seem from tho works of Arisbarohus and Arold- 
medes that this was not the case with all the Creel: mathe- 
maticians of that time. As ono of tlie works of the former 
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IS oxtiuiUt will Korvo fi» ftuother illustration of Greek mathe- 
matics of this jioviod. 

Aristarcluifl of Hamos, born in 310 n.o. and died in 250 i).o„ 
■was an asU-onomor rather tlian a inatliomatioian. He assorted 
at any rate as u working hypothesis, that the sun Nv^as the 
oontro ol the miiverso, and that the earth revolved round the 
Him. Ihia view, in spite of the simple explanation it afforded 
oi various phenomena, was generally rejected by his contoin- 
pomries, Ibit Ins propositiims on the inoaauvomout of tlio sizes 
aii(l distances of the sun and moon wore aociirato in principlo, 
and hiH results ^y(n'o gonorally accopted ns apiu-oxiinatoly cov- 
rooli (o.g. by Arehimudos in bis paper on numbors alludod to 
later, p. Gil). A. Latin translation of the work containing 
thorn was piiblisluid in London by Wallis in 1G91, and anotlior 
m Pans by d’Urbau in 1823. There are 10 thcovoins, of 
wliieli ,1, will seleob the eighth as a typical illustration, bccauso 
It H lews the way in which the Greeks ovadod tlio diniculty of 
ilndiiig tlie iiuiiierical value of surds. 

Aristarolms olwirved the angular distance between tho 
moon wluin dichotomiwal and tho sun, and found it to bo 
twenty-nine tliirtieths of a right angle. It is actually aliout 
Hi)" 21', hut of course bis iustrumonts wore of tho roughest 
doseription. Iln thou [iroceiided to shew that tho distance of 
tho Him is giv'aler than eighteen and loss than twenty times 
tlio ilistauoo of tho moon in the following mannor. 

•hetA'lie the sun, A' tho oarth, luul M tho moon. Then 
whim tlio moon is dichotomized, that is, when tlio bright part 
wo nan see is exaotly a Imlf-eirolo, the auglo between JAS' and 
j\fJC is a right angle. With J'J as oontro, and radii 74\Vand 7W/ 
doserilie uireles, us iii the liguro on tlio next jingo. Draw J<]A 
jierjieiidioular to Js!K Draw 7i7'’ biHooting tho iinglu ^■174'^', and 
JCO bisoutiiig the angle yl747'' as in tlio figure. lAit 74 ’il/ (jiro- 
duced) out AF in 77. 'fhe angle AJiM in by hypotlusis 
of a right angle, 

Then angle AJi!(,' i angle A/iJf^}vb. i ; i « 15 i 2, 

AU : All[: tanvIA'tf : taiwlA7/]> 15 2 (a). 
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AVChlmortOH^', wUo fc„ 1 

at Syni(mH(s w.m Imni fchuro in 287 lui., mid diod iii 212 no 
Jin wnnl- (:n l.hn iinivnrmty nF Aloxandria and altondod tlie 
lnol,iuvM nl: (In.inii, Imb an mam uh lin had Fininhod his studios 
nituna.l l,n Mi.dly, whnrn 1,« jmssod tho romaindor of Ins life 
iln Ln..lc nn pari, in pnldio unUIra, ImtluH inoolianioal ingenuity 
wmiaiilnniHliiiig, and on any dimenltms amhig wl.ioh could bo 
nvm'cnmn i>y nial.a-ia! nn-miH, his mlvioo was gonorally asked 
liy the govni'iininid.. 

Areliimndna, like Vhan, hold that it was undesimble for 
11 i.lidnanplinr to nwk to apply tl.o rosults of science to any 
ja'anln^al nan. Hut whatovor might have hoen his viow of 
whal, ought t.. ho the fas.., ho did actually introduce a largo 
imndau' <.l iiinv invontlona. 'ri.e story of tlio dotootion of tho 

K'»l't'>iait)., ami tho iino of hundng glassos to destroy 

tlio iihipa nl tho (toman hlookading mpmdron, will recur to 
ninsl; rcatlnru. It la not porlmjis so gomu-idly known that 
I Hero, wlui had laiilt an largo a ahip that ho could not hmnoh 
it oil' Uin Hlips, applied io ArchlmodcH. The dillleulty was 
nvorrimin liy iiMaina ol an apparatiiH ofcogwhoolH worked byau 
oiidh'su nernw, hiit, wo are not (old exactly how it was used. T,t 
is said that llii-ro, who was present, oxehdnied «o)i 

iliontli Aiy/iiiiii't/l lu'iu/uiii : to wliioli ArohimialcH replhul, 
vii/ii uhi t'tDiHiHiiiiii, ft (n'l'tiiii ItH'o jM(Mw/io. ilost Jiuithoiun- 
tieinnii urn awan* (hat the Areliiimaleau acrow was auothor of 
Ills inventiona, It eonaisin of a tuhe, o|Hm at hath oiuls, and 
heat Inin I he rnrin nf a npiral, like a (ioi’k-soiinv. Tf one end 
he hiimej'Heil in wal.i*r, and Iho axin of the instnniiont (i.e. tlio 
axis ol the itylinder on llm Hiit'laco of which tho tuho lies) ho 
inelintsl Iti (Jio verlical at a Hnlllcicully big angle, aiul tho 
inslrnnierd. (urinMl muml i|, tho water will How along tho tube 
and out at (lie oilier etui. In ordor that it may work, the in- 
clination of (he axis of the iiiKti'iiiiioiit to tho vortical must bo 
greater lhan the pilch of (ho Hcrow. !It was used in 'h’gyiit to 
drain the Helds af(«'r an iiiundalkm of tho Nile; ami was also 

• 8ee i,Uu. iii»iu i Au'Uimetlf.f, hy J. Ti. llelliiTK, llamiiie. 1H71). 
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frequently applied to pwmp water out of tlio liokl of a aliip. 
The story that Arcluincdos sot lire to the .Uoinim by 

moans of burning gluHHOH and concave inirrorH is nob mentioned 
till some coiitnries after Iuh dnatli, inul is generally rejtiobed : 
but it is nob ho inorediblo iih Ih commonly HiqtpoHcid. The 
mirror of A.rohiimHieH is said to have been unubi of “a hexagon 
HiUTOundod by 148 polygons, each of %\ sichtH’’; and lUiUbn at 
Paris in 1777 contrived, with the aid of a Hingle (tomposibe 
mirror made on tluH model, to set lire to wooil at a diHtiinoe of 
IfiO foot, and to molt haul at a distance of 140 feet. 'Pins was 
in April and at a time when tlm sun was not very bright, ho 
in a Hioilian Hummer ami with sevortU mirrovK tlm «hmd would 
bo poHsiblo, and if tlio Hhips were anolmrtid near tlm town 
would not bo dillloult. It Ih porhapH wortli mmitioning that 
a similar dovio(» in nald to have been UHod in tlui dofonee of 
Oonstantinoplo in 512 a.d., and in alluiled to by wribu’H wlm 
were oitlmr proHonb at tlio Hiego or oblained thoir infnriiiatio]i 
IVom tlioHO who wore ongaged in it. But wliatever Im tluj truth 
nH to this story, there in no <l<mbt that AreliliimdoH doviHed 
the oatapultH which kept tlm Uomans, who were then b(*Hieging 
SyraouHe, at bay for a oonHidiOublo time. 'I'lmHO were con- 
structed HO that the range couhl be made eiblmr Klnirt or long 
at pleasure, and ko that tliey couhl be diKcliarged through a 
Hinall loopholo witlmut exposing tim arbilleryiimn to tlm lirc^ 
of tlio onomy. Ho olleetivo did they jnovo that tlm luege was 
turned into a hloekade, and three yeavH elapsed Imfore tlm 
town was taken (212 n.(i,), 

Areliimedes was killed during tlm suelc of tlm city whieli 
followed its eapturo in spite of the orders, given by (.lie emiHul 
Marcellus wlm was in coniinaml of tlm llonmiiH, that IiIh ImuHo 
ami life Hliould bo sinu'cd. It ia aaid tliat a soldier (OiUu'ed his 
study wliilo ho was regarding a geometrical diagram drawn in 
sand on tlm lIo(»r, which was the imual way of drawing jlgures 
in classiiMd times. Archimedes told him to got oil' tlm diiigi'am, 
and not siioil it. Tlm soldier ijisnlted at having orders given 
to liim, and ignorant of who tim olil man was, Icilled him, 
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According to auothor and moi'o probable nccoiuit, the cupidity 
oE tho troops wixs excited by seeing hia iustnunents constructed 
of poliahod brnss, which they supposed to bo made of gold. 

The llonians oroctod a splendid tomb to Archimedes on 
wliitih was (ingravod (in aocordauco with a wish ho had ex- 
proHHod) th(i llgui'o of a 8j)l»oro insciibod in a cylinder, in 
inomory of tho proof ho liad given that tlio volume of a 
Hph(U’o was {Kjual to two-thirds that of tlio circumscribing 
right oylindor, and its surfiico to four times tho area of a groat 
cirolo. Oiooro in his Disp, v. 23 gives a oharming 

iicooiint of Ins oQbrts (which worn succossful) to ro-discovor tho 
tomb in IT) ii.o. 

tt is diflloult to explain in a concise ibrin tho works or 
discovtirioH of Arolunnjdos, partly hocanso ho wroto on nearly 
all tim ninthomabloal subjoets thon known, and pai’tly because 
his writiiigH are contained in a series of disconnected inono- 
grapIiH, '.I'liUH while .I'hiolid aimed at producing systematic 
brtiHtiHOH which could bo undoi-stood by all studonts wlio had 
attaiiuid a certain level of odxicntion, Archimedes wroto a 
nuuilxu’ of l)rilliant essays addrcissod ohi<»lly to tho most educated 
matimiiiatieians of tho tlay. The work for which ho is perhaps 
now b('Ht known is his moolianixis, both of solids and fluidsj but 
ho and his conUimpomrios (islxsemed his discoveries in geometry 
<»f the (luadvatiiro of a parabolic arwi and of a Hi)luu'ical surface, 
and his rule for liiiding the volume of a sphere as more romai'k- 
alilo ; wliih) at a mnmnvliat lakor tiiuo his nnmorous mechanical 
inventions excited most attention, 

,1,. On piann iicnnu'.lr}/ tho oxtanb works of Aroliiniedos are 
thv(!o in number, naiiittly 

(i) 7'/m mtuiHurn of tho oirclo in 3 pro[)Ositic)j\B, ]!n tho 
(Irst ])Vop(mition ho proves that the area is tho samo as that 
of a riglit-angle<l triangle wltose Hides aro equal respcotivoly to 
tho radius (4 and the oircumforonco of tho oivolo, i.e., tho area 
is (ujuiil to A44(27r44), Tn the scooiid propositiou ho shows that 
■jra * : {2f£)‘'‘ - 11 : M v<u‘y nearly; and next in tho bliird propo- 
sition that TT is > ami <3|5-. Theao theorems aro of course 
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provod gdomotrieiilly. To domouHtrato two latttir pi'opo- 
HitioiiH, lio inRei‘il)os in and circuinwirilifis altont a oirclo vogular 
polygons of DC aides, cnlculatoa tlioii* poi’iiuotovs, and tluiii 
assumes fcho eivcnmfomieo of tlio oii’olo to lio l)otwtH'u Uioin, 
It would Booin from tlm proof tliat ho had aoino (at }iiH(.s(iiit 
unknown) mobhod of oxtmoting tlui s(jnaro roots ot nuinhors 
nppvoxiniatoly, 

(ii) Tha quadrature of the jiarainila^ in 2-1: pri>i)OKitions. 
IIo begins bliia work wlimh was aonfc to .Dositlnnis by OHlablish- 
ing Honio proporbiijs of conics (props. 1 — H), lio tlnm states 
correctly tho avtsv cut oil' from a parabola by aiiy oliord, and 
gives a proof which rosts on a pndiniinai’y ineohanieal t'xp(a'i- 
iiKsnt o£ tho ratios of aresm which haianco when suspomled 

£ron\ tho arms of a lover (props. (5 17); and lastly ho giviss a 

geomotrieid domoiistrafcion of this result (pi'ops, IH—24). 
latter in of course hascal on tho method i)l' oxliaustions, liut for 
])rovity 1 will, in <[notiug it, use the method of limitH. 



liot th(^ area of tho ])amhola he boumlod by the (ihoi'd PQ. 
Draw VM tho diumotor to tho chord I'Q, then hy a proviouH 
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.propoBifcion, V ia moi*o romoto from PQ than any other point in 
the aro PVQ. 

Lob tlie aroa of blm triangle PVQ bo clonoteci by A. In the 
Hograonts boiuulod by VP and VQ inscribe triangles in the same 
•way as the irianglo PVQ was inscribed in tlio given segment. 
Maoli of these ti'ianglo.s is (by n previous proposition of his) 
equal to bA, and their sum is tlioroforo JA, Similarly in the 
four segments left inscribe triangles; thoir sum will bo 
rrooeeding in this way tho area of tho given segment is shown 
tn be equal to tho limit of 





) 


whon n is indefinitely largo. 

The problem is tlioroforo reduced to finding tho sum 
of a gooinotrical series. This lie efi’oeta ns follows. Lot 
A, ./J^ (/, ... J, Kf bo a series of magnitudos such that each 
is one fourth of that which proccdos it. Talco magnitudes 
6, H, ... k mpial respectively to l-G, ... Then 
= ... 

Ileiieo {.Ji ’\-C + ... + /{) + {& -I- c +...+ /;) = ^. {^ + Ji -i- . . . ./) ■ 
but by hypoblie.sis (f»H-c+ ... -i-y + A:) = |{yj + C;.|. ... + + 

(Ji + a+... 

A+J}\-G+ 

That is, tlio sum of those magnitudos oxotjods four bimo.s tho 
third of the largest of them by ouo-third of tho smallest of 
thorn. 

lleturning now to tho [iiHiblom of tho quadrature of tho 
parabola A stands for A, and K is ultimatoly indoiinitoly 
small, therefore tho area of tho pnrabnlic segment is four- 
thirds that of Mie Irianglo PVQ or two-thirds that of a rect- 
angle whose base is PQ, and altitude the distance of V from PQ. 

Wlule disoussing tlia queatinu of quadratures it may bo 
added that in the fifbli ami sixth propositions of his work on 
conoids ami splieroids ho dotorminod tho area of an ellipse, 

(iii) On spirals in 28 propositions. This is on tho pro- 
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portioa ol’ tho curve now known ns tiui siiirnl o£ Archiinodcs. 
It WAS Hout to Dosithous nfc Aloxnmlria accoinpaiuc.a by n lottor, 
from which it Booms that Avchiincilos had pmviouBly sent a nolo 
of his results to Oonon who Imd died boforo Im l.ad boon able 
to prove thorn. Tim sinral is dolined by Haying 
rial aimlo and nulins vector both incronso uniformly, Inmco its 
equation is r^cO. Archimcd(w hndH mowt of itn projairtios, 
and dotorminca the aim inclos(3d betwcon tho cuvvo and two 
radii voctor( 3 B. This ho does (in olVoot) by HayniK, lu tlm 
laiiKuaUii of the innnitoHiinal calouins, that an oloinont o( avoa 
is>i,rVOaml J (r + : to odbot tho sum of the olo- 

moutary aroas ho gives two lemmas by whioh lui sums (geo- 
metrically) tho sovies «'-.e(;la)“-t(:ia)’ ■>■... •'■('< (l»'‘T- 

and U). 

(iv) In addition to tliOHO ho wi-otti a small treatise ou 
uoomolnml tmthoih, and works on pamUiil Hiwh, trianiilm, th) 
pmpcrlks of HiM-anukd IrimuM dal<h tha !uptai,on rnmnlml 
in a drek, ami hhhUuih o/drdo.^ Umckhm uan } possi dy 

ho wroto otliors too. Tlmse aro nil lost, but it is probabh. tliat 
fragments (d* four of tho proptmitjoHH in the last iiumtienuil 
work are preserved in a I-atin thinslatiou from an Arabic 
manuHcriiit mititUul Tha hmmm of A fddmvdvM, 

IL On yamuilry tf thmi dhmumoHH the e.xtivnt works 

of Archimedes aro as folhiws. 

(i) Tho sphoro nnd lii/Undin' in two books ol (10 prepo* 
sitieim. Arehinutdes sunt this like so many of his works to 
DosithouH at Aloxaiulvia, bub he semns to have played a 
practical joke on his frimuls there; for lie pmposely mis- 
stated some of his results "to deceive those vain geonietricians 
who say they liave found everything, but never give tluiir 
proof, and somotlnmH elaim that tliey hitvo discovorisl wliat 
is impossible." JIu rugardod this work ns liis masteipicce. 
ft is too hing for mo to give an anulysis ol its contents, Imt I. 
remark in passing tliat in it ho feund exiiressioim for the 
surface and viiluiim of a pyramid, of a eime, and ol a sphere, 
as well an of the ligiirus produced by the revolution of polygons 
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inaoribod in a circle about a diameter of the circle. There are 
several other pr<jpositions on areas and volumes of which perhaps 
the moat striking is the tenth proposition of the second book, 
namely that “of all spherical aegmonta whose sui'fnoes arc 
equal, the licmiaphei'o has tho greatest volume.” In the second 
pro[» 08 ition of tlio second book ho enunciated the remarkable 
theorem that a lino of length a can only be divided so that 
(fi - ft) : 6 = c” ; (.where 6 m given, and c = |a) if a - c bo greater 
than b, ^.I'hat is to say tlio cubic equation a)“ - «a)“ + = 0 

can only have a real and positive root if a bo greater than 36. 
'’.I'his proposition was required to comploto his solution of tho 
problem to divide a given sphere by a plane so that tho volumes 
of the aoginont.s should bo in a given ratio. (Seo Cantor, 
pp. 205 — 271.) One very simple cubic equation occurs in tho 
AntJmolio of .Diophuutus, but with that exception no such 
equatioi\ appears again in tho history of mathematics lor moi’o 
than a thousand years. 

(ii) A wox’k on (juadrics of revolution called Conoids and 
apkovoUh iu 40 pi’opoaitions (sont to Dosithoiis in Alexandria) 
most of which is devotod to an invostigution of their volumes. 

And (iii), he also wrote a treatise on tlio thirteen semi- 
I't'.gular polyh'-dronsy that is, solids contained by regular but 
dissimilai' polygons, 'riiis is lost. 

ilir i. lie wrote twe papers on aHthinetio \ one on tlio 
princii)lc!B of numeration, tuUlroasod to Zouxippus, which is 
now lost; and another addressed to Colon called I'ap/ttnjs 
{Jiho sand-YGcliOHcr') iu which ho meets an objection which had 
been urged against his lirat paper. Tho object of tho first 
paper had been to suggest a conveiileub system by which num- 
bers of any magnitude oonUl be niprosontod j and it would 
seem tluit some pbilosophers at Syrncuse had doubted whether 
it could ho used. JIo says people talk of tho sand on the 
Sicilian sliore as something beyond the power of calculation, 
but lie can estimatn it, and further he will illustrate tlio power 
of his method by finding a superior limit to tho number of 
grains of sand wJiioli would iiU the whole universe, i.o. a 
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sphoi'o wlmsa ociiti’o is tho oartli, iiiul nulitiH tiui disbauco oi' 
tho Hun. [lo bogiiis by saying that in ovdiuaiy C irook nonion- 
clatimi it was only possible to (*xjums miinbdVH ffom I up to 
10": blioso nro oxprossudin what lai nays lio may call units of 
tlio Ih’st order. If 10" be tciriuod a unit (tf tlio H(K!Oim 1 order, 
any uumlKsr fi*om 10" to 10‘" can bn oxprossod as so many 
units of tho K4>cond owlor plus so numy units of tli(' lirst ordcu’. 
If 10'" bo a unit of tho third ordor any nninbor n|) to lO"' oan 
then ho oxprossod; and so mi. Assuming that 10,000 grains 
of sand ocoupy a splmro whoso radius is not loss tliaii tli of a 
iingor breadth, and that tho diainotiu* of tlio uidvorso is not 
groator than 10*" stadia, lio finds that tho numhor of graiiiH 
of sand vocpiiml to (ill tho uiiivorso is liiss than 10"". 'Pho 
UHsay was probably montly a scioiitifio miriosity. 'I'ho Grook 
systciin of mnnoration with which wo aro a(u(uaiiit(i(l liad only 
rccdiitly boon Introduocil, prohahly at A.loxamlria, and was 
Huniciont for all the purpoHcs for wliioh tho (Irooks thou 
v(i([uir(i(l mmihors: and ArohiimidoH iisod that systnin in all, 
Ids papers. On tho other hand it is mest likely (hat Arclii- 
modes and Ajmlhmius had sonio syiuholism liasod on tho 
dooitnul system for tlmlr own invesLigal-ioiiH j and It is very 
poHsilile that it was tho one Imro sketelied out. 

I’o tlieso two aritliiimtical papers, I may add (lie rollowlng 
celolii'iited jirohlem whi<!h he sent (;<) tho Alexiiinlriaii matlie- 
matioiiiMH. 'J’lio mm had a herd of hulls and cows, all of 
wliieh were either white, grey, «lun, er |nebald! (,1m iminher 
of ]iielial(l hulls was less than the iminlier of white liidls by 
fi/OtliH of the mmiber of gniy hulls, it was less tliuii tlio 
uumher of grey hulls by 0/201, Im of the immlHir of dun hulls, 
and it was less tlmu the uumher of dun bulls by l;i/'I2ths 
of the number of white IhiHh : (ihe iiuiiihnr of white cows was 
7/lUtlis el tlie luiinboi* of grey ealtle (liulls and eows), tho 
uumljor of grey cows was 0/20t]iH of the nuiiiher of dun 
oiittle, tho nimthar of dun < 50 wh was ll/.'lOtliH of tho number 
of jnehahl eattle, and the luiudier of pielmld iiows was l.‘)/-l2tliH 
of tho numhor of wliito cattle. 'J'lm problem was to lind iJie 
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composition of the herd : it ia indoterminato, bnt the solution 
ill lowest intogera ia 

white bulls, 10,366,482. white cows, 7,206,360. 

grey bulla, 7,460,614. grey cows, 4,893,246, 

dun bulls, 7,368,060. dun cows, 3,516,820. 

piebald bulla, 4,149,387. piobnld cows, 6,439,213. 


In tho ulasaioal solution, attributed to Archimedes, these num- 
bers are multiplied by 80. 

Nuasolmanu boliovoa, from intornal ovidonco, that tho pro- 
bhuu has boon falaely attributed to Archimedes. It certainly 
ia very unlike his extant work, but it was universally attri- 
buted to him among tho ancients, and ia generally thought to 
bo genuine, though possibly it has come down to ns in a 
inedKlcd form. It is in vorso, and a lator copyist has added 
the additional oonditiouH that tho sum of tho wliito and grey 
bulls shall bo a siiuiwo numbor, and tho sum of tho piebald 
and dun bulls a triaugulnv lunnbor. 

It is perhaps worthy of note that in tho onunoiation tlio 
fraotioub are still veprosentod as a sum of fractions whoso 
numoratoi's are unity : thus Avchimedos wrote 1/7 + 1/0 in- 
stoiid of 13/4’2 (see p. 6). 

![V. 1 [is works on imchanics comprise 

(i) Ills Akcihunias. This is a work on statics with special 
rofenmeo to tlio eqniUbnnm of piano laminm and to properties 
of tlioir fliuitres of gravity; it consists of 26 projjositions in two 
hoolcs, In tho lirst part of book i, moat of tho olomontary 
proijortius of tho contro of gmviby aro proved (props. 1 — 8) ; 
and in the romaindor of book i. (props. 9 — 16) and in book ii. 
tho oentres of gravity of a variety of piano areas, such ns 
parallelograins, ti'iangloH, trapeziums, and parabolic areas, are 
dotoL'inined. 

(ii) A treatise on Uvcd's and perhaps on all tlie mechanical 
iimohiues, Tho hook is lost, bnt wo know from Pappus that it 
oontainod a disoussion of how a given weight could bo moved 
with a given power. It was in this work probably that 
Aroliii nodes discussed tho tlieory of a cortain compound pulley 

6—2 
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consisting of throo or nioi’o simplo pulleys which ho liucl i3i- 
vontod, and which wuh used in sonm public works in Syrucuso. 
It is wcdl known that ho boiistod that il lie had but a fixed 
fulcrum to act on ho would movo the whole earth (son p. 50); 
and a Into writor says that ho added ho would do it by 
using a comiMnnid pnlloy. 

(iii) A woi*k on JUmthuj hodicH, containing 11) propositions 
in two books. This was tho first attempt to apply mathe- 
matical reasoning to hydrostatics. The story of tho miinimr in 
which liis attention was directed to tho subject is told by 
Vitnivins. T!:i»i*o, the Icing of Hyi-acuse, Imd given some gold 
to a goldsmith to make into a crown. The crown was ihdivcrod. 
made up, and of the proper wcdglit, but it was susjieotcd that 
tho workman had ai»pvopriatc<l aconsidcrnlile projuirtion of tlio 
gold, replacing it by an isiual weight of silvim. Areliiimules was 
thcmipon consulted. Shcrtly afterwards, wlmn in the publiu 
baths, he noticed that his body was jiritssi'd upwards liy a force 
wliioli increased tlie more completely he was iiiniiiiraed in tlie 
water. 'J.bHiegnlzing tho value of tlie ohsorvalion, h(* ruslied 
out just as lie was, and run homo thiH)Ugh the sti'eels, nhoiiting 
(iJ/n/Kit, dl/u/Ka, "I have found it,” “ f have fouiiil it.” 'riiern (to 
follow a later account) <m making ueeurate experimimts he 
found that wlmn lupuil weights of gold and silvei* wm-e weighed 
in water they m» longer appoarotl eipial ! isieh seemed lighter 
than before by the woighb of tho water it «linj)laeed, and as the 
silver was more bulky than tim gold ils weiglit was most 
diminished. Hence if on a Imlaiice he weiglieil tlie crown 
against an oijual weight of gidd, and bhmi hiimersi'd the whide 
in water, tlio gold woiihl outweigh the crown if any silver had 
been used in its construction. 'J'radition says tlmt the gold- 
Binitli was fonnd to bo frauduloiit. 

Avchimodos began the work by proving tliat the siirfaeo of 
a fluid at ri^st is sphorlcal, tho ooutre of the spliere lioing at the 
centre of tho oarbli, Ho tlion proved that the pressure of tho 
fluid on a body, wholly or jiartiolly imniersi'd, is eipud to tho 
weight of tho fluid displucodj and tlience found l-lio position 
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of cqiulibl’iiiui of a floating body, which he ilhisti-ated by 
spherical sogineiita and paraboloids of revolution floating on a 
fluid. Sorno of the latter problems involve geometrical reason- 
ing of great comjflexity. 

The following is a fair specimen of the questions considered, 
“A solid in the shape of a pai*aboloid of revolution of height h 
and latuH rectum 'la floats in wator, with its vertex immersed 
and its baso wholly abovo the surfaco, If oquilibrium bo 
l)i)HBiblo when the axis is not vertical, then the density of the 
body must bo Iohh than (A - fla)*//*” ” (book ii. prop. 4). If it is 
reoolleoted that Archimedes liod not tho uso either of trigono- 
metry or of analytical goomotiy, this and similar propositions 
will servo as an illustration of his powers of analysis. 

V. Wo know both from occasional roforencos in his works 
and from roiuarks by other writoi’s that ho was largely occupied 
in aalronomhal ohscrviUiona. IIo wrote a book, Ilepl cr^eipo- 
TTOtius, on the construction of a colosUal sphere, whioh is lost] 
and lio couHtruoUid a sphere of tho stars, imd an orrery. Those 
after tlio capturo of Syraonso wore taken by Maroollua to 
!Ltoim), and wore prosorved ns curiosities for at least two or 
throe hundrod years. 

Tills inoi'o catalogue of liis worlcs will show how wonderful 
wore his aohiovmnontsj but no one who has not actually road 
some of his writings can form a just apiirooiation of his extra- 
ordinary ability. This will bo still furthor incroasod if wo 
rooolloot that tho only principles used by Archimedos, in 
addition to those contained in ISnoUd’a ISkmmta and Gonio 


accliona, avo that of all lintis like q 

AGBi AJ)B, ... connootiiig two 
points A uiui B, the stmight lino 
is tho shortest, and of the cui’vod 

linos, tlio iimor ono ABB is A ^ 

shorter than tlio ontoi' ono AOJi j together with two similar 


statements for spaoo of three dimousions, 

Tlie valno of his work may also bo surnnaod from tho fact 
that all text-books on statics rMfccd on his theory of tho lovor 



70 


THE FIKST ALEXANDIVIAN SCJtOOL. 


until tho pnbliciitiou of Stovimis’ work in 1580 : mid no diHtiiict 
advanco waw niado in tho thoory of hydroKtntios until Stoviuiis 
in tho Hanio work invostigatcd tho lawH wliich rogulato tho 
prosHuro of IhiidH (hoo p. 217 ). 

In tho old and inodimval world Archiinodon wan imauiinouHly 
put afl tho livHt of inathoinatidiniiH : ainl in tho niodorn world 
bhoro in no ono hut Nowton avIio oan ho coinpavoil wltli liiiii. 
Porhapa tho l>«“st tribnto to hm hvmo is tho fmst tlnit tlioao 
writovH who havo Hpolcoii moat hi/'hly of hia worlc and ahiliby 
avo thoao who havo boon thmnaolvoa tho moat diatinj'uislKul mon 
of tlioir own j'onorationa. 

'Plio latoat and boat oditioii <fi‘ tlio <i>ctant worlca of 
Avohiiui'thiK w that by .T. L. lloibor^, in d vola., Jiaip/ig, 1881. 
[riuii'ii ia a vary «ood < lornuiii ti-analation of tlioin liy ( lutonualci'i', 
Wtli'zlmi'g, 1828. 

Tho tliird firnab iiiatliomatioian of thia (lontnry was 
Apollonius* of I’orj'a, wl>o ia ohinlly iatlolirabod for Imviiipf 
pvodimtal a Hyatoinatio britatiao on tho oonio Hootioiis svhioli not 
only iiKiludod ail that wna provionaly known ulioiit thorn hut 
imimmwily oxtondod tho knowlodj'o of Llmao oui’voh. Tliia work 
was at onco acooptod aa tho atandard toxt-hook on tlio Huhjoot, 
and coniploboly Niqxu'acahal tho pinwioua troatisoa of Mtmioali- 
iiiua, AriattuuK, and hhioUd which \ip to Unit tiiim had hoou in 
gonoval UHO. 

Wo know vory littlo of Ap<»UonuiH himaoli’, llo waa horn 
about 200 n.(). and dual about 200 n.o. ll'o atudiod in 
Aloxandvia for many yciira and jirohahly looturcd thorn; Iio 
is roprcHmitod by .I’npiJua an “vain, ji'iiloua of tho roputation 
of nthora, and vamly to aoizo uvory (iiiiairtunity to dopr(i(nato 
thorn.’’ it w onviiaiH tliat whilo wo know noxt to notliiiiji^ 
of Ilia life, or (if that of Ida «ontcin|i(tnii'y I'hutoatlionoa, yot 
thoir nickiiaiuoH, wliioli worn roapootivoly tijmlon and Iw.la, 
havo oomo down to im. J)r (hiw liaa iiigoniouHly an/fgoatod 
that tlm lootui'o I'oonm at Aloxandria worn nuinliorial, and 

" 8(10 hidi-mriieachichtllchi'. Sliulicii I'luklhl, liy if. Jj. Ifi'ilioi'K, 

LoIiiUk. IHH'J. 
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that they alwnya aaod tho rooms iiumborecl 6 and 2 respec- 
tively. 

Apollonius spent soino yoara at Porgainuin in Paniphylin, 
where a university had recently beou established and endowed 
in imitation of that at Alexaiulvia. Tlioro ho met Eiulomus 
and AttahiH to whom he auhsoqnontly sent each book of his 
conies as it oaine out with an explanatory noto, Ho returned 
to Alexandria, and lived thow) till his cloatli, which was nearly 
oontempoiuneons with that of Aroliimeclos. 

In his great work on Oonio sections ho so tlioroiighly 
investigated the properties of tlioso curves that ho left but 
little for his snceessora to add. But his proofs aro long and 
involved, and .T think moat readers will bo content to accept 
a short anulysiH of his work, and tho aMSuraneo that his 
domonstratiouK are valid. 

'l.'ho tnmtiwi oontainod about 400 propositions and was 
divided into eight hooks; we have tho Grook toxt of tho iivat 
four of Uuistt, ami wo also possess copies of tho eommontarios 
by I’a|iptis and ICutocius on the wholo work, An Arabic 
ti'tuislation was made in the ninth century of the hrst seven 
books, wliich wjwo tho only one.s then oxtant; wo have two 
inunnscviptH i>f tliis viu’sion. Tho eighth hook is lost. 

In tlie letbsr to I'hidemns which accompanied tho lirst book 
Aiiollonius says that ho undertook tho work at tho request of 
Nuuevates, a geomotneian who had boon staying with him 
at Alexandria, and though ho hud given some of Ids friends a 
rough di'aCt of it, he had preferred to roviso it carefully before • 
sending it to Pergamnm. In tho note which acconipaniod tho 
next iiook, he asks .Kndemua to i*ead it and coinmunioato it to 
others wlio can umloi*Hbmd it, and in partionlar to Philonides 
a certain geoiiictricijui whom the author had met at Ephesus. 

Tim lirst four hooks d(!al with tho elements of tho subjoot, 
and of these the lirst threij aro founded on Euclid's previous 
work (wliioli was iteolf based on tho earlier treatises by 
Menieehnius and Avistrous). Hcraeleides assorts that much 
of tlie imittcu’ in tlufso books was stolon from an unpublished 
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work of Ai'cliimodes, but a critical oxiuninntion by Hoiborg 
has shuwu that this is not the ease. 

Aiiollonina bogina by tlolluiug a cono on a circular base. 
H'q then invoKtigutoH the dUlbront i>la»o H(\cLions of it, and 
shows that they lU'o (liviaiblo inti) thnai kinds of curves which 
ho calls ollipHOH, )«u*aboluH, niid hyiHU-bolas, 1 lb then proves tlio 
proposition tliat the lutio (in thoiisnal notation) /bl/“ : yl JI/.JJfyL' 
is coiiatanb in an ellipse) (jr Jiyperbola, anil the ratio /bl/’'’ ; AJlf 
is constant in a parabola, 'f'lieso are the charaotm-istio 
proportioH on which ahnost all the rest of the work is based. 

Jib lujxt slmwH that il‘ A be tlio 
vertex, / tlio latns recLuin, and if 
AJ/ and J//’ be the abseissa and 
ordinate of any point on ii conic, 
then is less tlmn, oipial to, 
or greater blmn LAM luioording 
as the (sniie is an ellijise, parabola, 
or hyperbola; hence tlic niimnH 
M'lneh ho gave to the eurves and 
l»y whieh tlicy are still known. 

I le had no idea of (ho directrix 
and was not aware that the para- 
hola had a fooim, Imt with the exoe|ition of tlic propositions 
wiiioh involve these his lirsb Ihreo hooks contain most of 
the projiositiouB which are in any inmlorn text-hook. 

In the fourth book ho devehipos the theory of line's o\ili 
havinoiiioally, and treats of the jioints of iutorseebion of systoins 
of conics. In the fifth hook he eeinnicneim with the theory of 
iniixima and minima, and applies it to lind the centre of 
curvature at any point of a cenio and the ovointe of the euvvo, 
and ilisonssos the mimhor of noniialu whieh can be drawn 
from a [loinb to a eonio. In the si.s'th book ho tnsils of 
similar conics. 1'lie seventh and eightli books were givi'ii u[) 
to a diHcuHsion of coiijugalo diameters, the latter of Du'se was 
conjcoturally restored by JIulloy in 1710 a.d. when Hiivllian 
prol’oHHor at Oxford. 
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Tlio voi’hoso and tocUous explanations make the book re- 
pulsive to most modovu reodoraj but tho logical avrnngoment 
and reiiHOuing aro unoxooptional, and it has boon not unfitly 
d(5Soribud as tlio crown of Grcolc geometry. It is tho work on 
which tho reputation of Apollonius rests, and it earned for him 
tho name of “ tho groat goomotiioian.” 

Ihisides this innnoimo troatiao ho Avroto mnnoroua shorter 
works, of which tho following list contains all about which wo 
lunv know anything. Ho was the author of a work on tho 
following ])i’oblom. Ciivon two co-pliumr straight lines Aa and 
A/j, drawn througli lixod points A and A; to di*aw a lino Oah 
frf)in a given point 0 ontaido them cutting thorn in a and 6, so 
that Att, shall he to Ifb in a given I’atio. Ho rodneod tho 
pvdbloin to a largo nmnhor of sopovato onsea and gavo an 
appropriate solution, with tho aid of conics, for each case. Ho 
also wrote a troatiso 3)a scclionn ftpttlii (restored by E. Halloy 
in ITOfi) on tho aamo problem under tho condition that tho 
rootauglfj Aa . Jib was given. Ho wrote anothor outitlod Ac 
acMiom do.tcrminala (restored by 11. Simson, Glasgow, ITdO), 
dealing witli probloina auch as to find a point A in a given 
straight lino A3i anoli that PA^ \ P.U shall bo in a given 
ratio. Hc» Avrote another Do lacliouibua on tho eonstruotion 
of a oirole which shall to»ich throo given circles (restored by 
Viota, see p, 200). Anothor Avork Avna liis De milinationihua 
(I’oHtorcd by M, Gliotaldi, 'Venice, 1007) on tho problem to draAV 
a lino MO that tho intevce])t botAveen two given lines, or tho 
oiroumfei'onccH of two given oii’clos, shall bo of a given length. 
Ho Avas also the author of a tiHJatiso in tlmeo books on piano 
looi Do looio plunia (restored by II. Simson in ITdC), and of 
another on tlm retpdav Holida. And lastly lie AVJ’oto a troatiso 
on nnoUmed iiwomvwmimhlca^ Ixsing a commentary on tho 
tenth book of Kuolid. It ia believed tliat in one or more of 
the lost books ho «h(m 1 tho method of conical projections. 

Besidos thoso goomotrical Avorka ho Avroto on tho methods of 
avithmetical mloulation. This Avould bo of great value if wo 
could obtain a copy, but avo knoAV nothing of its contents bo- 
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yontl tlio faofc tliat ho pointed out tliat a dociiiml Byatom of 
notation, involving only nine* bjuiiIjoIn, would vaHtly facilitate 
numorical luultiplicatioim. Ho Huggtmk’d a Hyatom of nunicm- 
tion aimiliii’ to that pi*opoHed by Ai'ohiniedoa (atii! p. (15), but 
proceeding by totmdH in«tcud of ootndH, and deacribdd a )U)ta(iien 
for it. It will bo noticed that our iiiodorn iiotation goea by 
lioxadH, a million =» 10", a billion : : 10’'', a trillion Ao. 

He wiiH intoivstml in nHtronoiuy, and wrote a book on the 
alalionn wtU ruf/iumhutt of tho plaimtH, of wbiish I’tolomy made! 
Home UHO in writing tho AlnuKjed, Ho also wi’oto a ti'oiitiHe on 
the UH» ami theory of tho wjrcuv in HbititiK. 

TliiH m a long lint, but J! Hhould HuppoHO that moat of thoHO 
woi’lcH woHi Hhort traotn on Hpooial pointH. 

Lilce .so many of liin pr<nloc('HHorH, ho too gavcni eoiiHlirinition 
for lluding two mean proj)ortionalH botweon two given Hnen, 
and Llaa'elty duplicating l.lHMiubo. It wuh hh followH, LetOyl, 
Ouy be the given liiuw. (hnrntnict a rootaiiglo OADn^ of which 
they are a«lja(umt Hid(»H. JliHoob Aa inf/. Then if with (J as 
centre we can dcacrilai a eirele outting OA in 7/ and eutthig 





Oa in h, no tiiat JiDh Hindi he a Htrjiiglit lino, the ju’oblom in 
ell'eutod. Per it Ih eiiHily Khewn that 

OJi.AJii-VA'‘ aji\ 

* It ia liarely jHiHHibln Uial ha umciI a dot . to hidicuto the ahHoaite 
of II nyml)i)l in tho Name way an we uho the nyml)ol 0. 
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Siinilavly Oh , ab + Ca^ = Ch‘‘, 

Hoiico OB . AB ~ Ob . ab. 

That in OB : Oh — ah ; AB, 

IJuli, liy Himilar tviaiiglos, 

an : ab = OB : Oh = AB ; AD. 

Tliorofaro OA ah ^■•■ah AB = AB \ Oa. 

lb ia iinposaililo bo ooHstvucb tlio cirolo by Euclidean geometry, 

hub .ApolloniuH gave a moehanical way of describing it. 

'DIui Hiihitimi of A])o!loniu8 is tluit given by most Arabic 
writiu's. In the Vm'ihhn-lhnkama the solution is prefaced by 
blio following actarnnk of tho origin of the ))roblom wliich is 
a mu'louH corruption of that given above on p. 38. “Nowin tho 
days of IMato u plugin* broke out among b)ie children of Israel, 
niluiii (lamo a voice from lieaven to one of their jn’ophots, saying, 
‘let blio size of the ouhic altar he doubled, and tho plague will 
oeiiso’ ; HO the pi'oplo made another idtar like unto tho former, 
and laid thi* Hame hy its Hide, Novortlieless the pestilence 
ooiitiiuied te increuse. And again tho voice spake unto tho 
prophet, Haying, ‘ they have made a second altar like unto the 
foriiier, and laid it hy its side, hut tlint produces nob tho 
duplication of tlm ouh<!.’ Then applied the Israelites to Plato, 
the (jreoian Hage, who Hpiike to thorn, saying, ‘yo luwe boon 
neglecifnl of tho Hcionco of geometry, and therefore hath God 
eliastiHcd you, wnoo geometry is tho most sublimo of all tho 
HoionccHi* Now, the diiiilication of a oubo depouds on a rare 
pj'ohloni in geometry, namely... ” And then follows tlio solution 
of A polloniuH. 

Tim hcHt eolleotion of tho oxtant work.s of Apollonius are 
the editioiiH hy E. .U'lilley, Oxford, 1706 and 1710, 

:iu one of the most brilliant passagos of his A}m'<iu histon- 
(juo GluiHhm rcmarkH tlmt while Arohunedos and Apollonius 
are tho most able geomotrioianH of tho old world, their 
workw aro diHLinguiuluid hy a contrast which runs through 
tlie whole HuliHefpient liiHtory of geometry. ArohimedeH in 
nttaokiivg tho prohloin of tlio qinulraburo of curvilinear areas 
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laid the foundation of the geometry which rests on nieasure- 
nieiits ; this, naturally gave rise to the infinitesiraal calculus, 
and in fact the method of exhaustions as used by Archi- 
medes does not difier in principle from tho method of limits 
as used by Newton. Apollonius, on the other hand, in 
investigating the jiroperties of conic sections by means of 
transversals involving the ratio of rectilineal distances and of 
perspective, laid tlic foundations of the geometry of form and 
position. 

Among the contemporaries of Arohiniedos and Apollonius 
I may mention Eratosthenes. Born at Oyreno in 275 b, c. 
he was educated at Alexandna and Athens, and was at an 
early age entrusted with tlio care of tho university library at 
Alexandria, a post which he occupied till his death in 19'i; n.o. 
Ho was the Admirable Crichton of his ago. His pro-ominenoo 
in the five events to which amateur athletics were then con- 
fined, was so mai’ked that ho was popularly named imiiaihluB, 
He was something of a poet and wrote on various litornvy 
subjects, In science he was cliiefly intorestecl in astronomy 
and geodesy, and he constructed the astronojnioal insbriunonts 
which were used for some centuries at tho university. Ho 
introduced the Julian calendar, in which every fourth year 
contains 366 days; determined tho obliquity of tho ecliptic 
as 23“ 51' 20"; and measm*ed tho length of n degreo on tho 
earth's surface, he made this latter about 79 miles, which is too 
long by neaidy 10 miles. Of his work in mathematics wo have 
two extant illustrations : ono in a description of nn instru- 
ment to duplicate a cube; and tho other in the rulo ho gave 
for preparing a table of prime minibers. Tlio formor is given 
in many books. The latter called " tho sieve of Eiutostlionos " 
was as follows : write down nil tlio numbers from 1 upwards; 
then every second number from 2 is n multiple of 2 and may 
be cancelled; every third number from 3 is a multiple of 3 and 
may be cancelled; evoiy fifth number from 6 is a multiple of 6 
and may be cancelled; and so on. It has been estimated that 
it would involve about 300 hours’ consecutive work to thus 
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find the primes in the numbers from 1 to 1,000,000. The 
labour in determining primes may however be much shortened 
by observing that if a number can be expressed as the product 
of two factors one must be less anti the other greater than the 
square root of the number, unless it is a square when the two 
factors are equal. Hence every composite number must be 
divisible by a prime whieli is not greater than its square root. 

Eratosthenes lost his sight by ophtlialraia, then as now a 
curse of the valley of tlie Nile, and refusing to live when he 
was Jio longer able to read, l»e committed suicide by starvation 
in 194 B.a 

His works exist only in fragments. These were collected 
and published by G. Bernhm’dy at Berlin in 1822. 


The second century hefm'e Christ. 

Tlie third century before Ohvist, which opens with the 
oareer of Euclid aucl closes with the death of Apollonius, is the 
moat brilliant era in the history of Gi-eek mathematics. But 
the gi'eat mathematicians of that contmy were gsoinetiicians, 
and under their iiifhieneo attention was directed almost solely 
to that branch of mathematics. With, the methods they used, 
and to which their successora were by tradition confined, it 
was hardly possible to ninlce any further great advance i to 
fill up a few details in n work that was completed in its 
essential parts was, as Cantor truly I'eraarks, all that could bo 
offectod by those methods. It was not till after tlie lapse of 
nearly 1800 years tlmt the genius of Descartes opened the 
way to any further progress in geometry, and I therefore 
pass over tho numerous writer’s who followed Apollonius with 
but slight mention. Indeed it may be said roughly that during 
the next thousand years Pappus was the sole geometrician 
of groat ability j and during this long period almost the only 
other pure mathematicians of exceptional genius wore Hip- 



7<S IlYPHCUim NICOMKDKS. IIKKILICS. 


PI'MISIOUS. 


pavcluiH anil rtnloniy who liiul tlio fomiilutioiis of ti-igoumniitry, 
and DiojilianhiH who laid Hioho of nlfiidini. 

hlarly in tlio Hi«!oud ooiihn'v, oira. IKO n,r., wo lliul tho 
luinuis of lihroo iniithonuiUolniiH who in (luor own day woni 
Yory fainnuH. 

'I’lio (imt of thoHO wiih Ilypslclos who tiddod ii rom't('(ini.h 
liook to I'hiolid’H lUf.nmilH in whioh lio diaomtsod Mh' rogulai' 
Holidn; in nnotlnw aiuiill work ho ilmidopod (,ho lliooi’y of 
ai'itliiiicfcioid proxroHHlonH, wliich !m<l lto»oi no filraiiKoly in!;r|ool;od 
liy tho (uu'Iior niat-lunnabioianK. 

Tlio mioond whh NioomodOH who invonl.od Iho (airvo known 
OH (iho mm'hmd or l.ho ninHuol-nlitipod oiirvo. IT IVi>in a (ixml 
point .S’ a lino ho drawn onUiuKa Kivtni llxod iilrai^'hl. lino in 
and if /’ ho takon on >%> no (-hat Iho hnii^lli Ql' in noiiolaiit (nay 
</), thou tho loiniH of /* la tho oonoiioid. I I n miual ion may ho put 
ill tlui form r timnO-i tl. It ia oiiay wHJi ila aid In Iniiiml, 
a ^Ivon an^Io or dupIioaUi a tnd>o: and I hia no <louhl< wiia Irho 
cauHo of ilH invoniion. Nowicm nmdo nno of IImm oiirro in 
iiivi'Hligalin^ tho propca'lloH of oiirvoa of iho Ihii'd and I'oiirtli 
dogroo. 

'.riio third of thoao mal.hoioal.iolanii wim Dioolim (ho invmilor 
of tlio mirvo known na Lin* ohnutif or (ho ivy nliapnd (iiirvo 
wiiioli liko till' ooimlioiil wuh naod l.o giro a aolnlion of (ho 
dniilidation prohhnn. llo doiinod it (him : loi. ylfhl', /liUI' ho 
two (i.xod diainotiira of a oivolo at. rigiiL angh<!i (o ono anolhor. 
Draw two ulmrdH Q</ ami UlC jinndlnl (o HO /I' and tu(niiliatnn(< 
from ili. 'I'Imn tlio lomm of Um intmarolion of .( A' and OQ' 
will ho llio inaaoid. Itn in|ua(.ion I'un ho oxprmiaod in (ho form 
y (l!a -ir) (k”. DiooloM iilao aolvod (liy (ho aid of oonin iimi- 
lions) a prohloin wliioh hud horn pinpotual liy Anhiiimdos, 
uaiiioly to draw a piano whioh will dividn a aplioro into 
two parts wlioso voluimm ahull hoar (o ono anodmr a givoii 
ratio, 

Ahont a ipiarlm* of a oonlinry later, nay nhmil. 1A(I n,o,, 
PovHOttH invosligated tho Yarioim plane seet ioim of (hi* anehor ring 
(see p. 12), mid Zonodoi'iiB wrolo a treatiso on isoporintotrieal 
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(igiu'OH. Part (if the lattov work has boon prosorved; one 
proiioaition wliieli will aorvw to almw tlio imtui’O of the problems 
(liHCiiHHod iH lluit “of HOgmoiits of circles, liaving equal arcs, tlie 
seinioirolo is tlio grciitcHt.” 

Towtivds Urn olost; of tins coutuiy -wo fliid two mathoina- 
tioiuuH, wlio by turiiiog klicir afcUmtion to now subjeots gave a 
IVohIi KtiimiluH to tlio atiidy of nmtlunnakica. Those -woi'e 
!lf,lppiu’(jlinn and I loro. 

HipimrolniH was tho iimst oininout of Groolc astronoiuors. 
dio is said to liavo botjn born about 100 n.a. at Nicron in 
llitliynia j it ia probabltj that ho spent some years at 
Aloxandriji, bub lio llmilly took up his ivboilo nb Rhodes 
wliero lid nmdo loont of liis ohsorvations. Duliunbro Ims ob- 
iaiiidd an ingonhum eoiilinuatiou of tlio tradition which 
aHHorti'd that 1 1 ipparoluis livod in tlio seoimd eontuvy before 
OliriHt. 'll ijiparehuH in oiio place says that the longitude of a 
certain stiir ■>) Oaids olmorvial hy him was exactly 90®, and it 
Hliould bo noted tbul bo was an uxtroinely careful obsorvor. 
•Now in 1790 it was 11(1” ‘1* 10", and as tlio ilrst point of 
ArioH viigri'ildH at tin* rate of r)0"'2 a year, tho observation was 
inudo aliinit 120 imi. 

Jilxeept for a short commentary on a pnoin of Aratus 
doaling witli luitronomy all his works arq lost, but Ptolemy’s 
great treatiHo, the AbnoytiHl (see p. 90), was founded on tlio 
oliHevvatuiiis and writings of llliipavoluw, and from the notes 
tluu’d given we infer that tho oliiof diHCOverios of Hipparchus 
were as follows. Ho determined tho length of tho year 
within six iiiiiiul-eH of its fcruo value. Ho oalonlatod the 
iuolinatiiim of tin* eollptio and iHpialor us 23“ 01'; it wns 
aetiuvlly at that Unto 2»“ 40'. He CHtiniated tho annual prcees- 
sidii of the eijuiiioxcH as Ri)"} It l« RO'2". Ho stated the 
luuav piirnllux as fi7', wliioh ia nearly eorniot, Ho worlied 
out the maioiiLricifcy of the Hohir orbit as 1/24 j it is very 
approximately 1/30. Ho dotormiiiod tlio porigoo and mean 


• H«o Holnuibro, Vol. i. p. 100, Ao. 
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motion both of the sxui and moon, and the shifting o£ t>IiC5 
plane of the moon’s motion. Finally he obtained the 
periods of the five planets then known. I leave the dotsv^^® 
his observations and calculations to writers who deal specially 
with astronomy such as Belnrabre; but it may be faii’ly 
that his work placed the subject for the first time 


scientific basis, 

To account for the lunar motion Hipparchus supposecl the 
moon to move with uniform velocity in a circle, the eartli- oceii - 
pying a position near (but not at) the centre of this circle. ’^1- ^ ^ ^ 
is equivalent to saying that the ox*bit is an epicycle of tlio fii'wb 
order. 

This gave the longitude of the moon corveot to tiro iii’Ht- 
order of small quantities for u few revolutions. To irrfrlctv it 
correct for any length of time- he further supposed tlicrt tln' 
apse liue moved forward about 3* a month, thus giviirfj 
coiTeotion for evootion. Ho explained tho motion of -bho huh 
in a similar inaniier. Tliis theory accounted for all tiro £ti.ots 
which could be determined with the instruments then in xiBC, 
and in pai’tioular enabled him to calculate tho dofcailw i>L' 
eclipses with great accuracy. 

He commenced a series of planetary observations to oiitOxlf' 
his successors to frame a theory to account for their motioiiH j 
and with great perspicacity lie predicted tliat to do t-liiH iL 
would be necessary to introduce epicycles of a higher ortltu' j 
that is, to introduce three or moro circles the centre of txuoli 
successive one moving uniformly on tho oircumferoncQ oC bJxu 


preceding one. 

Ho further advance in the theory of astronomy -wiia 
until the time of Copernicus, though tlio principles laid d*>wu 
by ITipparclius were oxtondod and worked out in dobail by 
Ptolemy, 

Investigations suoh ns these naturally led to tTif/07itt~ 
metry, and Hipparchus must be credited with the iiivoiibicm 
of that subject. It ia known that in plane brigonoiiiotry Im 
constructed a table of cliords of arcs, which is practica-lly Ihti 
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f^amo ns one of i\nturnl sinus; and that in sphei-ical trigononieti'y 
ho had some inothocl of solving triangles : but his works are 
lost, and wo can give no details. It is holiovocl however that 
tho elegant theorcin pi’intod as Euo. Vi. », and generally 
known as Ptolemy’s Theoi*em, is due to Hipparchus and was 
copied from liim by Ptolemy. It contains implicitly tho addition 
formulai for sin (/I »*= and oo8(^l±7i); and Carnot showed 
how tliu whole of pliuio trigonometiy could bo deduced from it. 

I ought also to add that Hipparchus was tho iirsb to indioato 
tho position of a place on the earth by means of its latitude 
and longitude. 

Tlio second of tlioao mathomatioians was Hero* of Alox- 
andvia (oirc. 120 n.o.) who placed ongiuooring and land-survey- 
ing on H scioutiilo basis. Ho was a pupil of Cteeibus, who 
invented several ingoiuous machines and is alluded to as if lie 
were a inathennitloiau of note. HoiVs principal and most 
charaoboristlu work is his Mcr/uAra : this contains (i) some olo- 
inoutary geometry with apidications to tho dotovminiition of tho 
areas of fields of giveni slmpc-s; (u) propositions on finding tho 
voluiiKJS of certain solids, with applications to theatres, Iniths, 
))im(jU0b-1iallH, and so on; (iii) n rule to find tho lioight of an 
iniiocioHsibh} objeeb; ami (iv) tables of weights and moasnro.s. 
Ho jirovcd the forniulu that tlio ar(!a of a triangle is equal to 
I {s (« - a) {b - h) {s - c)}^, where a ia tho somiporiinotor, and 
a, h, a, the lengths of tho aidos, and gave as an illustration a 
triangle wlioso sides wero 18, I't, and Ifi. Ho was evidently 
acquainted with the trigonometry of IXipparohus, but ho no- 
where (luotes a formula, or oxprtissly uses tho value of tho sino, 
and it is probablo tJiat lilco tlm lator Greeks ho regarded 
trigonometry us forming an inbi*odnctiou to, and being an 
integral part of, tvstronomy. 

* Hoc Jteoherahes «ie’ la vte cl lea ouvmges tVJI6i‘on (VAlaxmdric by 
T. 11. Martin in Vol. iv. of HMmolrca prl‘.aenlfa...A I'acaddmia d'imoriiHionet 
Paris, IHB'l : Uaimis Alexnndrini...reltqvia, by P. HuUfloli, Berlin, 180i: 
anti an article on tho dcJlnUlom of Hero by (it. Frioflloin in tho Itvllctino 
di JJiblioffraJln, 1671. 

:n. 
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Tlie following is the manner in whicli lie solved the 
to find the area of . 0 , triangle ABG the lengths o w lofao si 

Let’s bo the semiperimetev of the triangle. 
scribed circle touch the sides in i). F. and let 0 bo its 



centre. On BQ produced take U so that OE-AF^ therefore 
s. Draw OK at right angles to OJif and OK at viglit 
angles to BC. The area ABO or A is equal to the sum of tluv 
areas OBG, OOA, 0 AB = ^ar + ^br+iG7'==8J', lG. is equal to 
BE , OD. He then shows that the angle OAF= angle CBKy 
hence the triangles Oyl^'and GBK kvq similar) 

BG : GK~AF ; OF = CE \ OD; 

BG iCE^OK OE=GL \ LD-> 
BE’.CE=GE : LE) 

BH^ : GE. BE-OE. BD \ LB . B1) = GE .BJ) : 0D\ 
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Henco 

A = BE. 01)={0II. BE . CD . BD]^ = {{s - a) s (s - c) (s - b)}\ 

I may pass very brioily over Hero’s other works. He iu- 
veiitod a solution of tho duplication problem which is practically 
tho same as that which Apollonius had already discovered 
(soo p. 74). In mechanioB ho cliacussod tho centre of gravity, 
tho fivo simjdo maohinoB, and tho problem of moving a given 
weight with a given power ; and horo in ouo place ho suggested 
a way in wliich tlio powor of a oatjipult could bo tripled. 
Ho also wroto on tho theory of hydiuulio maohinos. In au- 
othor troatiso ho dosoribod a thoodolito and oyolomotor, and 
pointed out various problems in snrvoyiug for which they 
would bo useful. But tho most intoi*03ting of his Binaller works 
ai'O his Tlrev/ianKa and Avro/xara, containing descriptions of 
about 100 small maohinos and incohanical toys, many of which 
are most iugonious. In tlio forinor thoro is an account of a 
small stationary stoam engine which is of tho form now Icuowii 
as Avory’s patent : it was in common use in Scotland at tlio 
beginning of this century, hut is not so ooonoinical as tho 
form introduced by Watt. Tlioi*o is also an fvcoonnt of a 
doublo forcing pump to bo usod ns a liro-ongino. It is probable 
that in tho Iiaiids of Iloro those instrumonts never got boyond 
models. It is only rocontly that gonoral attention has been 
directed to his discovones, though Arago had alluded to thorn 
in his on Watt. An TSnglisli tiwislation of tho IIveu^aTiKa 
was published by J. G. Greenwood at Loudon in 1851. 

An edition of all Hero’s works was iiublishod by F. HuHsoh 
at Berlin in 1804. Porsoiially I am inolined to doubt whotlior 
it is coiToot to attribute all theso to him, but I havo followed 
tho opinion of tho majority of liis i*ocont critics in giving liim 
tho credit of tliein. 

All this is very diflbronfc from tho olassicnl gcoinotry and 
arithmotio of Euclid, or fclio moolmnioa of Archhnodos, Horo 
(lid nothing to extend a kuowlodgo of abstract inathematios; 
ho learnt all tliat tho toxt-books of tho day could teach liim, 
but ho was only intorosted in soionoo on account of its practical 

6—2 
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. I i^^rmcLiar^ults were true lie cared notliing 

^ i of the product of four lines. The classical Greek 
square root of « « PJ° and the cube 

STlinrbroause they could be represented geonietrioelly. but 
a figure of four dimensions is inconcoivable, unci they wou 1 
certLly have rejected a proof winch .nvolved such a eon- 

“‘’tveral reasons have led modern commentators to think 
that Hero who was bom in Alexandria, was a native Egyptian, 
if this he so it affords a curious illustration of the 
of racial oharaotcristics. The Greeks showed a.speoia apUtiule 
fir geometry and created it; but they never 
dneing avithmotio or algebra to a scionoe except by the aid 
of ceLetry. The Semitic races, ou the other hand, lmvo_ino- 
duwd many eminent algebmists, bub nob a single geometrician 

of exceptional ability. Hero spoke and f™’;' '™. 

brought up under Greek inflneiico; it is doubt ul it he o to 
contempoiaries were aware of the existence of 
and tliL is no reason to think tliat they stiidmd the eaily 
Egyptian manuscripts; yot tlie rules he gives, his methods of 
proof, the 6gures he draws, the questions ho attacks, and oven 
the phrases of which he makes use, recall the earlier work of 

The Ai'abiau historians say that Hippnrohus and Hero 
wrote on the solution of a quadratic equation, but this is 

doubtful. 


The first centimj hefirre Chnst, 

The succesaors of Hipparchus and Hero did not avail them- 
selves of the opportunity thus opened of investigating new sub- 
jects, but fell back on blio well-worn subject of geometry. 
Amongst the more eminmit of these later goomotrioians wore 
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Theodosius and Dionysoclorus, both of whom flourished about 
50 n.o. 

Theodosius was tlio author of a complete treatise on the 
geometry of the aplioro. It was edited by Barrow, Cam- 
bridge, 1075; and by Niaze, Berlin, 1852. 

Dionysodorus is only known to ua by his solution of the 
problem to divide a hemisplujra by a plane parallel to its base 
into tAvo parts, Avhoso volumos shall bo in a given ratio. Like 
the Holutien by Dioclos of tho similar problem for a sphere 
above alluded to (see p. 78), it was effected by the aid of conic 
Hoebions : it is repi'oduecd in Sntor’s Geachichte dev mathoma- 
liaahm Wiammluylm, p. 101. Dionysodorus alone amongst 
tho anoionts determined the length of tho mdiiis of tho earth 
approximately. Ho statod it us 42,000 stadia, wliich, if wo 
take tho Olympic stadium of 202^- yards, is little short of 
5000 miles. Tliis is not very accurate, hut it is nearer tho 
truth tliau tho estimates then gonemlly accepted. Wo do not 
know how it was obtained. 

The administration of Egypt was definitely undertaken by 
Home in 30 iJ.i.’. Tho closing y<!ai-8 of the dynasty of the 
Ptolemies and tli<» earlier years of tho Jiomau oocupution of tho 
country were markod by much disorder, civil and political, 
Tho studies of the nnivorsity wore naturally interrupted, and 
it is customary to tiiko t-hia timo us tho closo of tho iir.?t 
Aloxaudriiin school. 



CHAPTER V. 


THE SECOND ALEXANDIUAN SOIIOOL, 


30 D.a.— G41 A.D. 


SEcnoN 1. fkojint ccnlnrg after Christ.^ 

Section 2. fke second ceninry after Ohrisl (IHoloiny). 
Section 3. 'Bo third century after Christ (ra].)i)«H). 
Section 4. Tho fourth century after Christ (DiophaivUm), 
Section 5. Bo Alhomm sohool iii the fifth mntury, 
Section 0, Homan inathematies in tho sixth cMtury> 


I CONCLUDED tlio last cliaiitor by stating that tlio AvHt Holionl 
of Aloxandvia is usually takon as omling at about tho samo 
time as the nominal indopomlouco of tho country. But although 
tho schools at Aloxandvia sufl'orod finnn tlio (listurbancds yliioli 
nffeoted tho ^Yholo Roman world in tlm transition, in fuot if not 
ill namo, from a republic to tho o.upiro, thoro was n() break ol 
continuity j tho toaohing in tho university was never abamleneilj 
and as soon as ordor was again ostablishod Htudents began 
onoo more to flock to Alexandria. 'J.’biH time of cfnifusion 
was howovor oontomiiomnooua witli a ohango in tho prevalent 
views of philosophy which tlioncolbrward woro mostly mm- 
platonic or noo-pybhagoreiui, and it thoroforo lll-ly marks ties 
commoncomoutof a now period. Those mystical opinions ro- 
acted on tho mathomatioal sohool, and this may partially 

account for the paucity of good woik. ^ 

Though Greek influonco was still predominant and the 
Greek language always used, Alexandria now hocamo tho in- 
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toUcotvial centre for most of the Meditorranean nations which 
wore subject to Rome. It should however bo added that the 
direct conneotimr with it of many of the mathematicians of 
tliia timo is at least doubtful, but tlioir knowledge was 
ultimately obtained fi'oiu tho Alexandrian teachers, and they 
are usually dcacribod as of tho second Alexandrian school. 
Such mathematics us were taught at Romo wore derived from 
Greek soiu'ces, and wo may therefore conveniently leave their 
consideration for tho present. 


The first century aft&\' Ghnst*. 

I'horo is no doubt tliat throughout tho first century after 
Olu'ist gooiuotry continued to bo that subject in science to 
wliioli must attontioii was devoted. But by tliis time it was 
ovidont that tho gooinotry of Ai'cliiiuodcs and Apollonius was 
n(}t capable of much furtlior oxtonsion ; and such gooinotrioal 
treatises as wore produced consisted mostly of commentaries 
on tho writings of tho grout mathematicians of a preceding ago. 
Tho only original works of any ability wore one by Serenus 
and iiuobhor by Mouoluus. That by Soronus, oiro. 70, was on 
tho plana saolions of tho cone and cylinder'. This was edited 
by .IJ'ulley, Oxford, 1710. That by Monolaus, oiro, 98, 
was on Hiihcriml iriyonomclryi investigated in tho Euclidean 
method. This was translafcod by Halley, Oxfox'd, 1768, The 
funduinontivl thoorom on which tho subject is based is the 
relation between the six soginonts of tho sides of a Bpliorioal 
triangle, forimid l>y tho are of a groat oii’olo whioli outs them 
(book in. pru2'. 1). 

Towards tho oloso of this century, oiro. 100, a Jew 
Nloomachus, who was bom at Qornsa in 60 and died oirc. 
120, i)ul)lish()d an Arithmetio, which (or rather tho Latin 
translation of it) romainod for a thousand years a standard 

* All (lutes horoftftor given ore anno domini, unless tho contrary is 
expressly stated. 
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(jumil.ily, liitl 1 m' iilwnyn r«nniHonliiMl it l»y IhiiHiiHMi wonl, wliiiili 
uoiui‘»4 In iiiiirli (III* nniMi* lliinpr. 

Aliimt 111" hiuiii' (inn* hm I-Iii'h" writnrn Ptolomy'^' of Ali'x- 
iinili'iii, wlm ilii-il in I UK, pi-cnhuu-d hiii j(n'at wnrk on iisLni- 
imniy. i'ltiii work hIiowh Ijntt 1‘loloiny wiih it p'nomi'l.ridiiin oL‘ 
l.lio lii’iil' nink, trlioni'li it. Im with (lio u|>|ili"iitiou of fri<oiiii>(.ry to 
iinlrouoiny ( lint Ii" i" I'liii-lly Ilif was tho iiutlior of 

nuuioi'on)i nl.lior Iroalinoa of wliioli nil tliui iiro oicliiut hiivo 
lioon "olli'olril in nil oililion pnlilinlnul ti(. Itfiln ui iriol. 

Ainoupiil' 111 " wridnt'M is ii liook on fiHtui tjiuiiiii'lrn 
wliii'li lio |iro|Miiin| lo rimi'i'l thn Iavo)I’(.Ii nxioin of I'liiidiil on 
inirnllol line", iui<l to jirovo it in tlm roliowiuf{ nninnor. Jjot 
tlio h(nii/.(lil< lino /v/'Vi7/ inoot l.lio two nlniiKlit linoH AH tiinl 

.i: 

A F » 


0 

II 

01) no nil to iimk" (In- niim of ilio miKlos Hl'H uml FOh "i|niil 
to two rij'Iil iin^li'H. It in >vi|nii-oil lo provn Unit .1 H anil 
avo parallol. If [losiiililo lot ihoin no( ln« pumllol, llion liny 
will moot will'll |iioilnroil my at M (or A), lint tho lUiKln 
AFU' in llii’ »ii|»|»li'iiiiiit of UFO, ainl ia Ihorrlorn oiiaal In 
F(!l)\ Miniilinly llm ihihIo FtiO la I'Himl to llio 1111^1" HFH. 
llonoo llio iiitm of (lio aii^tos .\FO ainl /'Y/t* ia oi|niil to two 
ri^lil- a.nj.!;loM, ami llio linos HA ainl IH' will tln’rofori' il pi’n- 
ilnoisl moot at .V (oi' .\f). Hut two ntraiKltl- liin’« "unn"! oimlono 
a Mpaoo, lliojoforo A /I ami (‘/) nniHot iimot wimn |iro(Umi‘(l, 
tlmt is liny aro jniralli'l. I 'oiivoiwly, If AH ami OH Im 

* Hi!" tlio Ailti’l" MM HI «7»iiii/«h»i I»,v a. il" Moi>!<ni la .S'ho7/i 
lUrlim’irti of thri-k ami I«"ialoll, IMlil. 
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|)iiriiUi’l, fill’ll .lA'iiiuI iUt wni iiol. I^nh |mnilli'l fliuii I'll uihI 
ff'/f; mill l!ifri‘roi‘i' wlmfiivm* In* ilnt xiini nl' tin' iuihI'" .l/V.' 
and /'Vif' aili’li liiuiif. iilau Im (Im* iiiMil id' (In* uil^li'’i ilih and 
Hrn. lUif iiuiii id' llin r<>iir aiiKl<-'« ia <'>|iial (<> r<iiir lifdif- 
aiiftli'ii. mid llti'ri'lur*' ihi? auin id* fin* aii^li'i IU‘(t and FHIf 
niii'il. Ill' r<(nid to twM rif'lit. 

i'l<drtiiv wild** ilindlu'r wmiK In aiinu (Ital flh'D' I'nllld llnl 
)>(' niHii' lliaii tlii'i ii iliiui*tii>i<Miii in a|>a<'<< : and lii> iiImi di'^n iioi nl 
i'tl}itu)i<\j'hu' ii»tl Wlfli njn't'ial 

hi ilia 1 llahon Mt' Mill dilll». A iaiidc on i t rxiiind ilia' i 

attiiliiir' d |ti Idni, il in niti'tl |«i«d<alilv ia>l ^■'nuina, 

Mill Mil' wtiik all wliii’li ilia li'jmlaliull af ]‘(<dt'iiiy )i"ihi i'< 
lii'i a d 1 oin iiity, U'<itiilly I'alli d itia .I/nan/' ‘t'la' iiaiiia i^i 
di livi d linla Mil' Aialiii* n/ vvliii ii ia loiid in 

111 ' a I <•! I ni't inn Ilf /((yi'iiny {y»d/iy/iuti*>iy| iM iruv'V' I'lii'i )>>iid. 

i<i a I'l'li'-iiihd l«->if ttiioiiv III till' idtilii'v id Mu' uiiilinr, It i'l 
)Mnn<li <1 Mil Mil' wiitiin-'a id lhjt|‘ai>lin'>, and flamed* did n>it 

iii'li'dtily tidviiiir*' till' llll'••ly id till’ Md>)>-t, il itliiHail'i tih' 
viina i‘f iln‘ nltli'i' aiihr vvilli a t'*iiijdi'l» in 'n and idi f.'-»nv<' 
wlilrli nil) idnava undo' tl a )<tin>(iii>l 1 1< ali'-'in Wa 
Mt'ia It llmt Mt*>|i'iiiv iiiailx idt^n-i i atnai'i al ,Vti 'vaiali la 
Mil yraia r.!ii tn l.’ii*. Im li»iw‘i’\*i wai Imf an inddl‘l>'nl 
|aa' li' 111 n<ai»ii>tiia'i, and lla* idtuvivalntii s >•! I { i{>|>att iom ai*’ 
(.'/’ni'ially nil'll' iM'«ai|-ili< tliiiii tlaoi’ nf lil-i ('\|i"ntid> I, 

‘I'lii' M iildi ii^dlV idl'd illlo lllillox'll i'>ad.ti in Mh' fllit in'iiV^ 
j'hdi iM) dl'i''ll*i.=H-5» Viiii'iita iiiMhiitinaiy la ith'ri ; Iliaf i »d 

iti^>in>iiiti<tiy jdnia« and h|di'‘Uiid, kiv«‘» a “I ih-ad:. 

if I'f tiafviiid ♦lilM'ii {wliii'li i» j>»i«l-ddy talon iiKin lla l' >'l 

Moll id' liil.l. .tti’lma, lull wlii' h in v« i f ttvi mala), l ii laiioi 
Miit t<i<lit|i||fy *.f |)i« indil'tla. ^I’lia in ihaiU 

d' iii<l*-d Im I'Im timili'iai d*'J«'M«lill|} ll»a R}>lir>ii< at l>>»ni of 
lilt' » I»a iaHitiili<i Mali ilia iiiidaiaitii'iin woidd la« n.n. Ji 

<1 if Mia aailli vi'aia aiijtlf-sifd Im mlala an iln a»in am 
M dajj i'Hl |«ti|ils* itili llml llil* )»y)«'M»’aln in iia -iiMitt'id wiMj 
ItiaivMi iai'l«i- Im ilia lllild laHi^ la* a»|- 1 atni) llta hclam >•) 
lha biiii 1*1111111 lha rarlli liy iiiaAnn iif anai-nlrif^ i»n«l aj'i> y» («'n 
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iiiid ii> Ixiiiliii I'lMir iiiii! livh Itu tniiitM Iho iiioiion oi! (lin 
iiiiiDii in n iiiiiiiluv wiiy. 'I’lm hixlU liimk In dovul.ixl In thn 
(iK'ni'y nC 'I'lin (invnitih iiitd iKtnlni cnnlaiu a 

(;al:uln;'iin id' tin' tisiil idiini ([irttliiilily rii|iiiiil Iroiii lliii|nu‘- 
idnix): and in annllii'i' wurh iin added a Hti(< id' aintiiul iiidin'nid 
liIii'iniiMeiut, 'I'lm i l■|||^dllill;{ linidth ai'n ^tvnii up t.n llin Llninry 
nf dm plain'l l. 

l(. nlnadd Im added tliat. (he Aluimjfnt iMn-iiiiin at niiaa dl(‘ 
Hlainlard wiaU nn n-ilrianany and ri'iiiaiintd an til) dnjiandinia 
and Keplci' almwrd dial llii' nun and imt dm fatilt iduhI Iii* 
re^ardi'd an nl' dm aular ayali'iii. 

'I'lm idea id' (•sreiil i’i<'!i and <-)di'yi')ea on wliioli tim (luini'iaH 
Ilf 1 1 ippuj'i'ltna and I'luli’iuy an* limmd liua Imeu nl'ti'H vidiindnd 
iu iiitidi'in ditmii. Nil diadd al a lalm- dnm, wlnai nmrn 
ra(n iil'ai’i'vadnnii liad Imi'n made, dm niHmimity n|’ iMti’mlimiiiy 
epinvidi' nil I’pieVidn ill nvdi'i- In laiiif' dm dmnry inin latiiiivd- 
iiui'i' willi dm I'ai'l'i niadn h vi'vy «•nalpll^•all•^l. lliil. da Morgan 
liaa imnP'ly nlpui-i vrd tliat in an f.ii- im dm aimmut rndviiiiniimra 
nu)ipn’ii'd dial it Wil l im< «-:‘"iiiy In jt mlvn nviay I’nleadid lantiun 
intn ii iii’i'ii'H nl' nidl'piiin idreular nmtiniia limy mvd Ki’eally, 
liUt tliat il* dm liypi'dii'nia )••« iv)m‘d'-d aa a naiviminiit way 
id e.NpiviediiM imnwii r.ndri it I'l imt only le^iliniatn, lint onn- 
vnnii'itl. It waa ini a llmpuy mi with lln’lr iiiHli'iiiimnlrH 

and hnnwled^i.’ il waa p.e.idlde «n IVanm, and in limt it I'Xinitly 
i;nriri.pnn.l'i In ilm I’vpr.-e.i.ai nf a «ivi-ii fmmlinii m a sum of 
Hitm>« ni- i-.i dm a, a nmllmd \vld*‘li in nl' IVi'ipmiit umo in nmdi'i'ii 
analyaiH. 

In npiln nl' dm Irnulde (nlii'ii liy IMaialiio it ia idmimt 
ililpimdldn M m'paiate tlm dim In llippandlim rntlil 

liioMti ilim In Vtnli-my. lint ItidaiMtnn and dn Mni';^im 
in diinUih}^ dial dm nl-M’ivalinjiH •pint.i-d, dm ruiidunmiital 
idi'Hi. and dm evplaimfinii nf llm apparent Holar nudioii me 
windly dun In Ilippaielnin ; wMln all Um hmar and plaimtary 
tlmni l.eyimd dm K'’'i-ial idea nf Umni, ia dun hi I’luleiny. 
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The third centuri/ after Ohrid. 

Ptolemy Imd iiofc only aliown that gecinmtry omilil lie 
applied to astronomy, but luid indiwibnl how' now nirlliiMln 
of analysis like ti'iyoi»>»m>try nii/^hb bn tlumoci dovoUpni. Kn 
found liownvor no sucuosHorH to lalco up Llio work li() liiid ootii - 
mouced HO brilliimfcly j and wo imist. biolf I'orward I Til) yoai ii 
befovo wo find anotlior ^ioinotnoimi of any (‘ioinniicc. 'I'iiat 
geoinutrician was Pappus wlio lived and (aught at Ali'xiindria 
about tlio end of tlio tliird oonl>nry. Wbt know Mint ho had 
nuniornus }in[ii]H, and it is probablo tlial. Iio tiuojaa'ai ily ^ovi^’l'd 
an intorosfc in tlio study of g<!«>mi»try. 

Hu wrote sovoral b(H)kH, Init tlio only mio wliioli Imii I'umo 
down to us is Ids ^umytuyi/, oollia^tioii of matln'iiialiriil |)it|ii>i'M 
arranged in eight books of wlihtli the (Imt and purl, n)' tin* 
Koooiul have boon lost. 'I’lils ladhaitdon waa inlrndrd to lie a 
synopsis of Greek matlioinatieK (.ogotlior with oiiniiiii’nlii nnd 
additiojial propositions by (.Im lalltor. A aarornl ijotiipnrinnn nl' 
various extant works with the naoonnt given of (Imiii in lids 
book sliowH that it is trustworthy : and wo ndy on it Ibr tnnid. 
of our knowledge of tho works new leal.. It is not nrrangi-d 
clivonologically, liut all the treatjaes on tlie sanie snlijnet nro 
grouped togotlior; and Ifc is most prohuble that it gives 
roughly the order in wliicli tile olassiail authors were rend at 
Alexandria, It lias been (ullteil by P. lluKmili, Berlin 
1876-8. 

The first five books deal with geometry exidusive of eniije 
Hootions; the sixth witli astronoiny inislinling, as hulisidiaiy 
subjects, optics and trigonometry; the aeventh with inmlvsis, 
conics, and pnrisnis: ajid the eighth with nieelinnien. The 
last two books contain a giaal deal of original work by l'a}p|iiui; 
at tho smno tiino it should be remarked that in two or direi’ 
cases lie has lieen detected in appi-opriating pniorN IVmn enrliei- 
authors, and it is possiiihi he may have done this in other nineH, 

Subject to this suspieion we may say that lie discovered 
tho focus in the parabola, and tho direolrix In the nonie 


mlJiiiri, In uiitl Uii* |*r*ilili‘ui 

I i)r>'rilM’ in n I'ivi'U a wImimm nitlivi |ii'nililri‘il 

mil iln.mirh Jhi-'o r.il|iu« iir \ hi In* 

lliiii ill*' III' ill' i( id itiM diinid dii 

lilt; nl ini iiiM iilii il liii<n!!li’ vi'iilrt'd iliviiln ninli nl' 

III hiili'i kI' |I>" iirn;iihii lriiii);‘l» in |lii> iiiiiiii' rntio: Itn nliin 
iKi'iiVi'ii'il lid' twii f)i< riii'iiiii i>n l|ii> iiiiilin'i* mill vnllMiid nf 
imliit <ii I i'vnIiiI iini i wliii'li ttii' iitill i|iiMt«'<| in ii-xl, luiiilin 
inlid' l)i'‘ iifitn", Tit' ‘I' III >' idily ni' iiiiiiiy liriilimili litti, 

iiliiti’il tli)’i>ri<iir> u liii |i uii< I'lninriutfil. 

Iliii Wiiili ii'i 11 uli'iti’ itinl lii'i fitninii'iil'i nlimv lliiil. lit' Wfiii 
^^i<niiii'(rii'ii>n >>l mu' iI |«t\vi'r : l<nt ti wici Ium inisl'iirMnit' In 
Vi' ut n liiiin uin n Inii liiflc iiii«'ii';.l wn'i ti(l.i'n jii iv'nnii'li'V, 
ml vvlu'ii fill' 'iiilijM'i liiiil I't’i'n jniit'liially I’Nlinm'Inl. 

A nidiiU ir<n't t»i iinilli]>li< aliint iiml tli\i-iiiiii nl' iicMn'i'iiinml 
iiiilitiiid i‘i jio t’iiliU iht" l" i'n|i}'n», nidi uit'i i'i'i>:iiiily Nvriili’ii 
ImhiI llii't finin, h vid<t ivtilt il l<y C t, ||i<iiiy, llnlli', IH'/!! mnl 
I Viiliml'l" n i nil iUiinI i.il inn nl' li* iil iJn’dli millinidtii', 

V'/n' ii-iihitry of'tn- ('Inisf, 

Tlti'"lHsli"iit til" td'fnii'l nidi lliii'l »*'ii<ni lf>, llint- in fitUii 
lid liiid' *»l N’ifintidi hidi, int» n il in (•('inni'l ly liinl t'ldmlily 
nidi lid'r*' nli'l lidM*’ nttdiiliMM liini Inn’ll |iiiii| In llm 

* ’riil i »<( 11 . ..t 411, i i-.}'. mvi v,idt in lid' dldliit<'mlt O'dliiiy 

I lll'lilli-r ...j Id. I'liilH. t In Hu' t?i\<’n |«>nil*l i'» It" ini.V' 

(lii'fd i nii'l tv.i" r>tc't-iiil. 1 l.'t il'! I( \Mi<‘ i-'vnl in hill iH it 

I'* l‘'‘ .l*H’'n, »>ld‘ l il in | 'f.' 1 il'’ /trjf/ii). 

t!ii’i>»t}ii'. hnli'i, l.li'ildi, I ito'j. iiii'l uIbii It**'*' l>'•l^^ltdn" in I/Hll, 

I fiiiv \nu--i liil* » ill” j 111 w.ia < ' 1 d N* lidl OJlditilid wild 

lid* i.|il_v I'i. Iidl dll’* Idt l dis'v.n ,;n U imilldiHttliritl llWIil.V, dinl 11" 
^1.111,1. 4 ii 1.. Hid , (1... i.j II ■-( « di-l'H wliidli linvd In I'ni'.i 

Itixiikli tl yii* II dd'l I'd'*’ d %i l>' ''«»i»}’ld Md'l dlt'Kiint iidllllldll. 

'dtidj'ti'l lul l i. Mih » fti' ii’t’ 'I il |.i * 'Hil* it »*l «ny wn*l 1” 

illidr [dull idllxici, 

( 'I'll.' V.ililliix iu lilt* ji»>-iln<’l »>f lilt* Hd'il '‘f III'* mill 

lilt li.inilU i-r «ldi I .nil il. ^. tih .l II)- ii'i ♦v.nh,* i.f iimii*. Tim i.iiifid’i' 
« t 'ldrtl In Hi.' dt Hdt 11. lididt' i df UlM «mvn HH'I lU*' IfdHlll df 

lit* lull! tlcns'illd^l l<y * iiiih** >'f iimot. 
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bhoory of munlxTH, l.hon;(li Mi.- w.t.. iti im. wuy mui^ 

moiimimlo with Mm Mi»o tli- nol.j.'.-t, It \vill 

110 I'oiiioinlmml Mml. I'hmlhl » ' "Viuli-.K f.-r imy 

IimKlliblKloH. im.l ilivr»M«Hl.'.l u tminl..T ..f Mi.-i.iviuu ulMMlt 

nuiiilioM ill a litrmMy imi.-iiMlrn mritm.-i', l-ui liiiu- 

Holl’ to (TUHH!( wlmin H i.-i.i.-.'iitiitiMii wmi 

Tluii'o an- iiifllmll«m» in Mm wciho .-f Avi hiiii.'-h' i tliut In- \um 
im'liaio.l to ouny Mm iml.jn-t iimrh I'mili. i ; In- indoilur.-.l 

miiiiln'iH into hill f'l-mn.-lri.'iii iliiH'iiM.i.ui-i |.. H|), umiI 

(liviiioil liiH'ti hy liol’!*, 1ml Im win fully ...■.■M|.i.'.| l.y nllmr 
rOHimrolim*, ami liml im Mum fo .l.-vnl.' !<• uMMiiii- li.', ili'tn 
aliamlimod Mm jo-mimlvmiil n'j.i.'ii-iifaii..u ..I iiuiuIm'ih, init 
ho, Niooiimi'lnm, iiml uMi.t h.l-r wiii-o i m* ikviiliuH'im iliil 
noli mu'oi'i'il in on-aliuj; imv .'ih-r m inl-oli jio for iiuiiiIm'im in 

/.oimi'iil, mill thiiH wh.-n Mi-y •’h.iii.’iai' -l o ilu-y wmo 

iioiitoiit I" vi’Mly it hy a hn|t<- mihuI-i' of imiui'i O nl i-'numilni, 

'Hioy iiidluiltly hmiw Imw l... m-K- u .|tm.li(iii i-ioMoti with 

innimi'inil roi'lllri.'iil!*; tin-, hi Mohfu.'lu {M.tntnl oul, Mo- pni’ 
imuitioiiH I'hi*’. VI. iiml vi. jfi\.- n- om. iii. il n.liiiinim nl' 
Mm I'liuatiiiiiii o:* «/ ami .r’ /■- «/. l-iii if ihin ii'|iii-. 

Hoiilril iJii'ir hljtlmiit 

It, wmilii I Ill, Mh'H, Mint in '.Jill*' of llo hMi« jrin ii to if;, 

uLiiilV) m il hiimMo Iiml i»l|t.'l-iii I.h-I uoI miol«' hun ':<>ii<>i)>|i< lol v ikiit-i- 
niiiro Mm liiim .if Aivliiim-il-'i M •> liovinM k' mf«k« .liik}* l-i 
imtioo llmli tim j>ii»Mmiin whi.'li «'».»ii'.l n>>i i iitiio. it m thu 
thinl iumtiirv ill.' Mi.i'it- whi-'h woitM n^tini-iUy I'M'I to i:iiti|i|ii 
ii(|iitilii>iin. ’l‘li.*y may I*.* illmiiiiti* il h.o.i .i.ll- tion of 
i|m‘fitioiin wlii.'h wjiM iiiiul" l«y MMti'otlouia oi ih*^ I * 
of Mil' lii’Sl r.’litlliy, lihoiH- AlU. Si»im> .<1 Mom oi” ililo to 
Mil' I'dilor, hilt iioiiu- lil'o of (Ml itlil-’iioi 'lol^', iiIpI fhoy all 
fairly illuiitnit.* Ihf way in whivh mithno-ii. h k*lki(|* n|i 

In iilHi'lii'iiit'iki iiii'MMiihi. *l'h»» ^•l^•K^nif mo f4|iii M •-4ani|ih'<', 
*'1''llin' |ii|ii’il iliiii'hi.l'^m inln a on-' till.- M in oio' (lay; 

iiimMmv ill iwt* ilnya; Mm Miii-l >m Mn>» foikiih 

111 four (luyn; if nil inn hoi' \-.k|l lio v litl 

Mm oiHtorn t” " Ih'liioi'lnil'o') h>n lm'<| e« fooiMi ot hi i liio 



hKVMI.ni'MKNT IIF AUJKHllA. ()“, 

iKi u Ipuy: II lirili tin a y.iiHli; it Mnnl' an a iiuiii; anil iiiin 
K|inM(. tliirti'fii yi’iira hi tiia tloln^i'; Imiw olil ia lui'l” “ Malcit 
It I’niwii i»r ••opiH'i*, Mil. iiihI inm (10 nunin; 

l^.tM mill niiiiii’i' mIihH Im« Iavii ihiniM i»f i(,; mul li,, tliroit- 

Ihuitlui i>r il ; mil) ami inm (livi'i'lij'iltn nf ii,; )ii,(l thii 

nC (In' /("III, n*|*|»T. (in, ami iinii wliioli mn I'niuirjiil." 
Tim liiiit i'i hii'Iinli il in Thynmtiilari'ii (Inainim i|iiiilril dd ]>, SK, 

'I'lin (li'iiiimi ^■<lmml‘||ll|^^ml liavi* iMiittfcd mil. (Imi, ihmi^li 
(lit<!ti' ]iiiili|mim |l■ltll Im iiiiiiiili' i<i|ituMmii<, (.ii<<y nin all Im mtlvial 
liy iial iiM'llmil!», Mm iiiiIiimiwm ijiiaMfily liniiijf rtijird. 

iimili'il liy H lint’, h<’>iit IN- lam iilrio l■mua^'li:l•Il llmi, (hay 

aiiu hi' luilvr.l hy I in aintilar nau-ti by (ho 

Anihiunn amt many im'iliiaval wrilma. 'I'lila iimilmil, iimiiilly 
liimNvn a.'i fh’ of ftifto’ •nnotiiijitinii^ I'miniiila in aiianiaiii^ 
any nuniln'i iur (in' nniimiun i|nanM(y, amt if nii Irhil il. ilnoa 
iinl hiiiiury Mm jMvmi nimlilinmi, rnncmlitifc il. by a ninipla 
|>rn[>ni'lii>n im in inln >■! Miii'n, |■^n• l•\|lnl|>|l', in Ilia naamul 
jil'nhlmiii hini|>inin wn mn.iinm I (I'lmM'IniiTji’ ill'll In Im III, (han, 
by (III* ((ivi'ii rnmliMmin, Im wmihl liavn ii|mnl (ami nn(i l.’l) 
yi'iil'ji in bin ilii(ii]{><, ami ilmii'l'iii'i' \vi< hiivn Mm iii’opnrMmi 
: I 1(1 : hiii m'(Mal a|'»', 
hi'ltri' lli'i imfnal a;(i' jo (•<(. 

Hnl Mm iimiit n ^••n( \vii(m)i iiii Mm jmlijfi'l, (hinlc Mail, (lin 
pi'ithli’inti wma fi'ilvi'il l*y floUiiiitl n/yr/.r.r, Mail in liy a prin'aHa 
nf ah'i’la'iiii'nl ii'ii-.irninn in wnnlii, amt willmiil; Mm 

dim iil'aiiy isyniiiiil'i. Tliia ai'roiiliiif^ (ii N'cti'ii'liniiiin in Mm HihI, 
M(ii|L.a' in Mil* ll••Vl’iM]lllmlt( nl' ai^ahra, ainl wa Unit il. iihoiI balh 
liy Abim i ami by Mm liirlii-’il Aiahiun, I'nnian, anil Italian 
al^i'lnaial n. 

(hi Mii ‘1 All’ll’ ilii'M a i-||M|nni'!i| alm'l'Cii liml hi'im ^(I’lnlually 
t'Vnlii’il hy Mm (irn’lm, lla i{nvt<lM|iamn(. wax linivavac vary 
inijmifi'nl. llanki'l. ulm ia lai iinriii’nilly I’lilin, aaya Mail. Mm 
i'i'!im1(h iiiiiiiiiinl im (In* n»'( MiiirMiim III’ (illO vi'iH'm' work on Mm 
Unmiy nl' nninlmt'i af»% ivla’llmc wn lank al Mm Inna nr Mm 
>aih;ilunrn, nnimpiahtnl mi- I'Vrii ahilili.Mli, ami ara nnl. in any 
way llm imninii'tmi’iimnt nt' a ai'ti’Ki'n, In Mm iniilnli nf Miia 
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decayiiig mtevcst in geometry, and these feeble atte)npts at 
algebi’flic-iivitlmiotic, a single algebraist of nrarketl originality 
stKldonly cpiJefli'ed who created irhat was practicnliy a new 
science. Tliis was X>io2>l3autus who was the first* matUe- 
nnitieirtJi lo introdnco a system of abbreviations for' those 
opomtiims and cjuauilties which constantly recur, thoiudi in 
using them ho olrserved ail the rules of grammatical syntax. 
The resulting scionco is called by Nesselmivnii si/ncopnted 
nfffehra' it is a sort of shorthand. Broadly speaking, it 
may ba said that ISuivcpean algobfa did not advance beyond 
this stage until the close of the sixteouth centtiry. 

Moiiorn algebra has progressed oiie stag© fui’ther and is 
entirely symbolic'^ that is, it baa a language of its own, and a 
aystem of notation which lias no olivious connection -with the 
things vopveaontcd, while the operations nro pevtbrmecl accord- 
ing to certain rules whicli are inclGponcleufc of and distinct 
from the law.s of grammatical coirstruefcion. 

CAI! that w© know of Diophantusf is that he lived at 
Aloxandi’ia, and that most likely he was not a Greelc^ Even 
the (Into of Ins (mrcor is uncertain, but it may be put down 
s\8 probably about tluj beginning or middle of the fourth 
century, that is shortly after the death of Pappus. He was 
81 wliou lie died. 

Diophnntus not only invented a new language in. algebra 
f<H' oxprG.s.siijg results tliafc were already known, but applied the 
.subject to a nuinbor of problems which bad pi-evioiisly bafiSied 
all inveatigatiou. His work howovov excited no interest among 


* Oantior (p. 886) thinka tboro ate traoes of the use of aigebtaio 
syinholisw hi Papims. FiicdlGiii (p. 10) ineiifcions a Greek papyrna in 
which tlio Bigna / and 0 tuo aaed for addition and Bubttaciion lespcc- 
tbely ; hid tlio dnto of the ns, is not mentioned. Do Morgan thinks that 
DiophantiiB only ayslematlKed the knowledge which wne familial; to his 
contcmpoiaiies. 'llio (iHCstion of fho originality of Diophantiis is a very 
diflioidt one, hut the opinion cxpi'eased in the text Is that of most of the 
r(3eent ooinmentators. 

+ Sco DiojjknnJiis of AlMmidria by T. D. Heath, Cambridge. 1886. 
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liiH oonlioini)(iniri(^H, aiitl with liia (loath l\ia writings and 
iiiiithodn loll intii iin ohlivinti from which thcjy were not rea- 
eiu'd h>r niivny iMinturioM. M'ho hrat tvamlation or ocUtion of his 
Arithiiiiin wliit^li wan puhliHluid in Kuropo was by Xylander 
ill 1575, livit Iho liook wna Icnowii to tlio Aruba at an earlier 

dull'. , , , 

DioplianlAin wvjvio ii nhorb osHay on polygonal nmnbovs ; a 

lrnal.ini' iiM iilgi'lira, wliioh has oonio down to ns in n mutilated 
(londilioii ; and a work on porisms, which is lost, 

'I'lio wniihv.rH was )n*ohahly his (lavliost work, In 

this ho alnuchaiod th(» onipirioal mobhod of Nicomachus, and 
rovorl.od to tho ohl and olnssical system by which numbers are 

by a onmitruotiou is (if nocessayy) umdo, and 

a strioily dodliotivo pnsd* bdlowa : it may bo noticed that in it 
Im nuiili'H iii'opoiiiti<»t»' '""’h as hhn'. ii. H and ii. 8, as reforring 
to numlioiH and not to any mugnitudcH. 

1 1 is (ihiof wtnU is his Arilhnn'Juu Tins is really a troatiso 
on alircbra ; slgi'livaio syiidsds aro used, and tho problems aro 
troaied inmiyti‘‘Hl!y. It will bo obmnwod tlmt nearly all modern 
i,. ...1,1 iHoitly Uiut tlio atop nvo 

rovnrsiblo. I |'roit'*so to cousidor sxiccesKivoly tho notation, 

ibo melht.ds ol' umdysiH omployt'd. and the snbjoot-matter of 

i" II"' “'"'''■y" ", 

„vuil«'l I" noiivaoiit U>.' nulclMiwti (i.mntity in Ina oqnatioiiB, 
iL UH Ivn hii'l only 

; unUunn n nl a Iln." («"" K'D' '«'? 
nviiiled as V. In t*'*' 1'^'"'"' denoUid by « cn ss . _ SI 

,„KV 1'.' a -r t 

MV XeiilVirnds munbors, (uid 

,,V arc written tmmr.U.tt.dy atUn- tho .pumtity they nndtipl). 


they 


w. 
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Subtraction i3 represented by <j», ano y 

^lolsthatfollo^vit. Equality iBi-apr^cutecl by Hu.B 

K^a ® 

represents (a)» + fe)- (5»’+ 1)= 

Eioplmntus also inU-odnced a somowlmt ^ 

for fraotiona involving tho unknorvn qnantity, into tho 
nf wliioli I need not here cutor. 

^ It wUl be noticed that all these symbols avo more abbn vm~ 
tions te V rds. and he reusoned out his proofs writing thuso 
„r6vktious iu the middle of his text, In most mum.sorii t« 
there is a marginal snmmaxy in which the symbols alone a 0 
used, and which is reully symbolic algebra ) but tins is probably 
the addition of some scribe of later times. 

This introduction of a conti-action or a syiiibol instead of a 
word to represent an unknown quantity marks a groator ad- 
than anyone not acquainted with tho subject would 
imagine : and those who have never had tho aid of somo such 
abbreviated symbolism find it almost impossible to 
complicated algebraical processes. It is likely enough that it 
mi"ht have been introduced oarlior, but for tho unliioky systiun 
of numeration adopted by the Groeks, by which they used al 
the letters of the alphabet to denote particular numlmrs, and 
thus made it impossible to employ them to vopresout any 

number. , , i 

Next as to the knowledge of algobiwo motliods shown in 

the book. Diophantus commences with somo dormitions which 
include an explanation of his notation, and in giving tho 
symbol for minus, he states tlmt a subtraction multiplied by 
a subtraction gives an addition; by this ho moans tlmt the 
product of - & and - dm the expansion of {a- h) {o ~ d) is 
+ 6d: but in applying it, ho always takes care that tho 
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iiuiiiInn'H f(, /j, <f, d ur<i Mt olioMOii Unit « in tlmn b luul 

«! is d, 

Tim wimln at Mm work itmilf, or ut l.insli ,m immh ,u, 

I'Xluni,. is .lovottul U. Holviii^^ wliioli load to oniia- 

liK.tis, IL ooh(,ahm Mio nilo for aolviii;,. a siiiij.lo n(|iiaMoii of Mm 
iii'sL <hfj;vm, mal a hhioiiiial .iuii<lritU(i. Tlio riilo for solviiiir 
qumlniMo o.|uaM(mH K<m«mlly is in <mo of Mio lost Isioks Imb 
wlirrn Mm, o.piaMon whh of Mio form b:,i -i- c . 0 ]io sooms 
io liiiv<, iini)(.i|ilin<| |,y a„a (.Imu “ oonipldU,.! Mio siiniiro” in 
immli Mm itaiim way m< ia imw doim ; if Mm, roots of ai am 
iii'i^iiMvo nr irmUoiial Mm o«|imMoii is rojooliid as “iiuitoHsildo " 
and ovou wlmn ImUi rool,H am jmsiMvo lin imvor ^n’vos moro 
iTivu ono, idwaya tahlii« Mm poHitivo vahm of Mm s<,uaro root. 
Mioiilnuil.im nnlvos oiio onUio (!<|imMou, iiaiimly u:‘' ^ i 
(Imok: Vf., |H’oli. 19). 

I Im pjrt'atov purl, of Mm work is l)owov<'r ^Ivoii up ti) in* 

(lotm'iiuimtti oipiaMoim Iml.woou (.wo or Mimo varialilos. 'NVlmu 
Mm oipiiiMoii is lml,womi (wo vuriahloa Mmii, if i|, is of Mm 
llrH(, ilo^^ivr, ho auriMiima a aiiitaldo vahio for oiio vuriahlo and 
solvrs Mm oqiiaUoa for Mm oMior. Moot of Ids mpiaMons am 
of Mm form // /lx t- (.•. \Vhomvi,r J or is al.sont 

Im is al»l(, 1,11 snivo Mm oipiaMoa (•(anploioly. Whon lids is not 
Mm cano, Mm'Ii if .1 a" Im amanurs i/ am t w.; if C' ; (i” h,, 
lummirns ,// „ix i r ; amt huiMy if Mm mpial ion oao ho pul in 
Mm form //' ■ > (im • id/)'' i r" Im asianara y iim: whoro in oaoh 
noio m has somo i>arMmilar iiuinoriml vahm siiilahlo to Mm 
prnlihmi undor roiuiidoraMoii. A (ow pnrMoalar ri|unMoiiM of 
u IdKhor nrdor owiir, Imi(. in (.hoiio Im morally all.ors (ho ),ro 
hloni no as to omddo him (o riulmm Mm npiatioii (,o oiio of Mm 
aimvo forms. 

Tho imlofoj'Mdiiaio oipmMoim involving' l,hma variahlos or 
“ dnuhlo ('■piiLl.ioim’' iiH Iiu oHllHtlmm, wliioli ho ootiHidorsam 
of Mm form 

//" ylir'‘ •(. /lx ). a ^ 
s* (liw" + A:u 'I- fl J ' 

II and f« hoMi yhihhIi ImanlvrH thorn in oim of two ways. 
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It will bo enough to giro ono of Iiih motluKln wlii.ili Ih no 
follows t ho subti-aefcs mid tliUH gets nii (upuitioii of tlio form 
hoiioo if ya.z-\, tlnui . {mx -w^jX \ 

and solving ho finds y and Hw tmilimtnl, of "dmil.lo 
equations" of a higlior order laelw geiunvility iumI (Iii|ii'II(Ih on 
the particular iiiiinovical coiidiUcnis of tlio problem, 

Lastly, ns to tlio iiiattov of the limdc. 'I’lio proIiloinM lio 
attaolca, and tlio aimlyslH lio uhoh, nro ho varinim Mint Mmv 
oaimot bo concisely doHoribed and I liavii (ilmnifbi'it uolonleil nix 
typical pvobloiiia to illustrato bis i.mLlmdH. Wlml, /comm lo 
strike liis critics most is the iiigcnuiity with wltieli ]i.. m-loeln 
as his unknown somo quantity wliieh lotuls in e<|iiiilioiiM im.-li 

as ho can solve, and tin. artilieos hy wliieli I.e liiidM nit 

solutions of Ids oquatlons. ’ 

I select the following ns eliarjuiteridtii! oxiimplim : 

(i) l^ind/our nunikrs, thn mitt af txm'y nrrom/enm,// iktri) 

oitttxmhmxygivm; ««/. 22, 24, U7, 20 (1 'i.. prob. IV). 

Lettc bo tho Slim of all four numtmm; tim nuiiiboi'M lue 
as-22, ai-2-(., 0,-27. and «,-..20; 

^3) -I- (a:- 2-1 ) 07 j . . ..„j . 

• *. tc=3JU; 

tho numliei-s are {), 7, ■!, mid II. 


ri,, prob Ml) n.. 

ajs hat since the given squan. are V and b.V Jit!',.,!: 


>'oqnii-od BfinniUH aro ;i2'I/2r> riiid 1/21*. 
«fisquaioif«-.U bon Hqu,m,,| whiol, ),h (horofor, 



i>ioi«uAmm 
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iiHmiiiiim may ha ttiknii (>1111111 to lumi-i; x. -. :]/■[. H,, 

huH now "■tila. !)(//“ i-lVKi in . 1 .. iWm ho imminioH 

IliaL.lv -I-.). hoii.!,, y.. 7/3-1.. Tlnwofon. tlio mimiroH 

iviiuihul an* i)/IO und .l»/n7(J. 


It. will Im m*ol|,>„|,.„l M,uj; Dioplmiitns liml only ono Hyinhol 
lor nn unknown ,|ininUl.y; aiunn U.h, (.xnniplo In* homim by 
iiiilhni' (.lio nnknownn ii;'* and I, hut. kh noon im In* Inm lounil n; 
iiu Mum roplan-n M... I hy U.o nyinhol h,, M,.* unlcnowu quan- 
til.y, and llndn h, in iln turn. 


(iv) ToJiikI a r,)/ht amj/,ul /rA/ay//) attch that Iho 

Inin liim'thi'l (tn muitn lO/yAi h luilionul (hook vi., pro!*, IH). 
Uin HolulJon in nn rulluwa, l,nt Uio hhicitor A/>:.{ix, and Ink 



no- In-n.m df/ U. Noxl. lol. fS(.‘ li.. a innkiplo ni! .1 
nay Hi HI) a .V; h.-nn* A H (.1.,. (hy y, 

ll.mnn (-1 -Ir)' . (U)- 1 . 17); 7/;t:!. AluUi‘. 

i'lV'UK HH "'«> Tor Mio nidon of Mn* tiiiin«lo Jill, and 
100 ; and for t in* liiniioloi* ;(h. 


(v) A iiiiin fniifs i,7 tihuiitiirnt ,,f' tm,o\ mu, in ,if H ilmnhmm 
ii mniNiii’i', llu- i;>l. af h. //« jmi/ti/tu' tfmm n Hi/uurn /inm/inr 0 / 
>/,;u-lnmi, HH,'/i If, at. •/ I50 /m iuhhul fo it, lh„ nHi'ffiw/ nnmhi'r 
It f'niif t/in uHni/or ht\ Unujht lU nu'h ),nnn (honk v 
IM’.d*. H.'l). " 

Tlin pHoo paid wnn lijV .nO, In'iioi* Hit* a:'' ^ - (10 and 
(SO. l.'n.jM lliiN il folIoWK llml x jiuihL ho /rroator 
Minn 1 1 and Iohh than I li, 

vV.yain i«!''-'IIO in hi ho a aipmim; aiippoKo it in inpud to 
(.«' l)n>n .11 (/«“ + Ii0)/3«i, wo havn tlH'ii'forn 
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11 <"<12; 


DiophantOH thorofimi i»hhuiiii*.i Umi. ni- \n niiunl In ;!0, wliirli 
givcB him a'=n-i; unci miikos Um l-oLiil otml, i.i'. .n'' hO, rijiml 
to 72 |(lmchnm 

Ho has next to thi« onsl. inti* Iavu piirln whn'li nlmll 

give tho coat of tho 8 (Inmlmini iiinmmn'o iinil tin' l> <lni<rlimio 
monainoH voapootlvoly. tvit tlnw- pniia he </ iiinl 

Thou 

5 X 71) , ^ h!) 

Tliorofovo » • 12 ’ 

Thoi'ofovo tho mniihoi- of f> wnn Vl'.'ll!, 

ami of 8 (1viH5hmio inoimnroH wan h!)/r«. 

From tho ommohvtion of thin prohlein it wmilil 

tliat tho wiuo was of a )»oor ipiallty, ainl M. Iiuiin'i.v hiei 
ingouiouHly niigjjjoHtod that tin* pvloea meiili'iiied Inv luieli a 
wiuo lU'O higlaa' than wore uaual mitil al'ira the yeai' A,ii, 
Ho thorcfoi-o rojocta tho view whioh waa t'oniiei ly Imhl ilml 
Diophaulus livod in tho hwau»\ ootjtnry I'f mir vvn. I »e Morguii 
had howovor ])rovtou«Iy Khown that tliia npini.m wiei e.-i liiitily 
wrong, M. Tannory inoHuoa to put |)ioiilmntmi half a neiiinry 
earlier than I Intvo mippowal, 

I montionod tlmt Diophantua wrote a (hhd work eiititli il 



TJIICON. llYrATIA. 


loa 

DioplmuhiH oxoroimid no poiHtoptihlo iiilluniKui on Uniolc 
iniiUnniiiiiioH, lint IjIm Arilhmv.tw wlion into Arabic 

in Mio toiil.li ooiktuiy innudnotul tlin Araliiivn Hchool, and ho 
indii'i'cUy iiUbclod Mio jh'o^i'chh of 'bbintpciin mat.lioiiml.icH, A 
copy ol' [.ho work wan diHcovorod in 11(11!; it was tvaiiHlatcd 
into Latin and pnidialtod in inTfi; j.lio tniiiHlatioii excited 
gonci'al inloi'oHt., Iniii by that kiino i'bii'opi'aii nlgMbi'aiHl,K 
had ali’ianly advanced beyond Urn point at wliioli DiopliantuH 
hail li'l'l. oil', 

I lie numoH t>l (wo coniniontatora will practically (aniclnda 
the Itnig roll of Aloxamlrian niatbcnmticjmiM. The firnt of tlicHc 
ia Tlioon of Aloxandrlii wIk) llmirialiocl about I!?!), lie wuh 
not a iiiatliomalician td' any originality, but, wo am iiidobtod 
In him loi' an *‘ditloii ol’ I'hmlid'a I'UtuiwulH, ami a. oomiimnlary 
on llm AtiiiiiiivHl - llio latter givra a groat deal of minco]la* 
IM'OUH information about tlm nnmorh'al iiiothodH maid by tbo 
(Imoka, Tim otbor wna Hypatia the daiiglitor of Thoon. 
iSh<» wan mom dlHtioguinlmd (ban lior father, and wan the hmt 
Aloxaudriaii mathoniatician ol* any gomuid ropnlalioiii kIio 
wrote a oonimonliirv on Iho ChhIi'h of .Apolloniuii, ami poHidhly 
Homo other wurka. Hhi^vaa nnirdprod at, the imitioiiti«Jij)f 
the OhriatiaiiK in ■! lb. *" 

Tlio rate of nypalla may aorve to remind im that Mm 

fliriatiaiia, aa >ii>on iia tlioy mm the il(ainiiaiit ]iavty' in 

tlm hIuIo, allowed llminmdvoa bitterly Im.^tile to ail foinm of 
learning. Tliat very ainglenoHH of pnr|Mim> wliioli Imd at lirat 
HO materially aided tlieir (irogi'eaH develo)aal into a ouo- 
iddediieioi wliiob mfiiHinl to are tiny good lailside their own 
body 5 thoia' wlio tint not imlively UHsiat (hem were poi’Hecutod, 
and the mannm' In wliiidi they eariiod mi tlieir war agaiiiHt 
tlio old nehoolN of learning is ruilhrully jaelured in tin' pagcK of 
Kingaley'a novel. Tlio linal eHliibliHhment of ( Ihriiitianity in 
tlie I'laht marliK the mid of tin? fTivelc aeieiififie Holioolii, ihongh 
iHainnallY. cuulJiuii^- to oxiHt fo r two hundred yi-arH 

more. 
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'The Athenian school (in Ihajlflh vviilnn/). 

The hostility of tlio Kiwl^ni ohuroli tci (Inu-k la-i.'iin' in liir- 
ther illustmtwl hy tlio fall of tli« laho- Alh.-iiiiin '.n'lnyl 'I'liiii 
school occupioB hub a mnnil Himco iu (uir hiril-.iy, Mv nr 
Plato’s timoacortaiu uuiiiIhm- of jonfrimioiml iiiiitln'iniilit'iaini 
had lived at Athoim; iiikI nhout •!•.!») Iliin mi’Ii.k.I iinaiii no. 
qviii’od coiiBiderahlo x*oimtatloii, !arH4dy in aMiitiri|tii'in-a of llio 
numormis studoiitH who after tho nninlar of lly|.alia iai;'iahMl 
there from Aloxamlria. The ni<ml ciolol.inti'il of iia |aii>ila 
WQi'O Proolua, Daiuaaoiiia, lual Kul<n*hin. 

ProcluB* was ]>oi'n at (.*ohH(nu(.iiiii|iht in l’‘l'll|■tlal'y 111) lual 

died at Abhoiis on A|»nl 17, lie wioio a on 

Euclid’s AYennuda, of whhili that }«iH wliinli «h-a!a wiilt Ilia liial, 
book is extant, and oonhuna a ^raat di'nl nl valtialilo inloriiia,' 
tion on tho history of (I reek umllieinal ieH : he ia verhone anil 
dull, but luckily ho low jiresorvod fi»r iia t|iiiitalioiei iVoin oilier 
and better authoritiiis. Jlis eominenlaiy liiia been ii’renlly 
edited by (}. Piiodleiu, Jaipzi;?, IHll7, 

DamasoiUB of Danuiaoim, etre. ilHI, wan eilurated at Alliena 
and siilwequontly lectured tliere. Me aihled lo Knelid'a A’/»f' 
one7Us a Ihth hook on the iiiHeri|>tion of one re^'iilar loiliit in 
anotlior. 

Exitooius, uivo. /ilO, wroti^ ooiiiiueiiliiriini en ilie that, four 
books of tiio ConicH t>f A)ioIloiiiuii inii) on iieveial werloi of 
Arcliimodos. Ills works liavo never heeii nlih il, tli<iiq;li they 
would scejn to well iliwerve it. 

This later Atheiiiiin Kelinnl win rarriei) on uiuier /'leat 
dinicultioH owing to tho oiqiositiou of the ( )ln ialiiuei. I'lei-hoi, 
for oxatnpio, was iHipeatedly tlii'ealeiieil willi dealli la iaiine he 
was “ a philosopher.” Ilismimrlt " After all what ilei a my 
body iniitterl it is tlie spirit (hat I shall lalot wiili me when 
I dio,” which ho inmlo to wmm stiideiila who laol otl'eied (o 
dofoncl liiiu has ofUni lieen qimted, The ( Hirintiam. after neve 

* Hco Uber die urn HHffUj'iiiidntni Srhuhni .f, a I’l.iUna 

by Kaoolio, Tlerford, iHQJi. 
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nil iiu'IH'oliiHl itlloiitpliH lib limb gob ii from JiiHlitiiim in 

Tiiil) tlmti "lioivtlion loiiniiiig*' liliotilit no longor lio Httuliod at 
AiIk'iih, 

'I'lio (iliui'oli lib A.loxiUMlriii whh Iomh iiinimntial, and tlio 
city "’»iH imiro ronioto IVuiii blio coiitro of uivil }ioiv(u-. Tho 
hcIiooIh Umro worn Uiuh HuiVcrod to conl-iiiim, Uiongli tlmir 
cxiHtttinio wtiM of a vory ^n•ol 1 al•^oUH ulinraotcr, Undoi* tlicHO 
coiiditimm iiiatImiiiiilicH continued to l)o i-cail for anollioi' 
liimdrod ycara, liuL all intorcab in tin* Ntudy had gone. 

Huiinai in tlm Himlh otintiiri/, 

I ougld. not. to (toindudo bliiH jiart of tlm liiatory wikhont 
any inmition of Koniaii inathoniaticH, lor it wati through Jtoinu 
that nmtlumnUicH lirat jiasHod into tlio mirriculuiii of nicdiiuval 
,l'hn'o}iis nnd in Uomo all iiiodorn hiatory lias its oiigiii, Thorn 
Ih lioNViivm* vory littio to nay on blm aohjont. Tlm chief study of 
tln' jilaco was ill (act ilio artof gnvcrniimnt, wln'tli('i' hy law, liy 
imi'NUanioii, or liy lliosn niatcrial means on whloh all govern* 
nu'iili nltiiiialcly rciils. Tlicro worn no doidit. iirorossorH who 
ctudd ii'iudi tlm rcHulls of (Ircolc iiclcnci* hut tlmisi was no 
ih'Uiand for u sclmo] of timtlii'iiiatirs, Italiaiis who wished to 
learn morn limn tlm 1*1010011(8 of Mm science went to Ah^x* 
andria, or («» iihiccs which ilrcw their insjiiration from Alex- 
andria. 

The Huhjei't mi tanglil. in tlm matlicmatii’iil sehoolsat Ilnnie* 
seems lo Imvo lieoii coniiiictl in arilhmetio to (lie art erenlcula- 
tion (no douln. hy lim nid tif tin* ahucus) ami jiei liaps somo of 
tlm e/isier parts of (ho worlt of Nicomachus; and in geometry 
l<» a few praeliciil I'uIoh; though Huum <»f (he arts hmiidcd on a 
knowledge of mutImnmticM (oMpecially that of surveying) were 
earried to a high pitcli of oxcidloncc. It would seem also tluib 
Hjiecial attention was |iiiid to iho reprosenlalion of iiumhers hy 

" Hue lilf liiimUf'tirn Aiirimfiiuirurnhy M, ('anlnr, JiMiizis, Hri* 
id'io Miih^riiiur jMimrri'irii Vhitlulff nmyaff^r iln nf iem'i'ti iiiittliiUimliiiuci 
I'hrs Im thi'i'H ft fm hy Fi. A. H»*>iuiitt, I’hvIh, IhI/i (!I. 
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signs. The manner of indicating numbers up to ton by the 
use of fingers must liave been in practice from quite early 
times; but about the first century it had been developed by 
the Romans into a fiiiger-symbolism by which numbers up to 
1 0,000 or perhaps more could bo represented : this would seem 
to have been taught in the Roman schools. The system would 
hardly be worth uotico but that its use has still survived in 
the Fevsiau bazaars. 

I am not aw'are of any Latin work on tho principles of 
medianies ; but there were numerous books on the practicRl 
side of the subject which dealt elaborately with arolutecfcural 
and engineering pi-oblems. We may judge wlmt they wore like 
by tho Muthematici Velcmy which is a collection of various 
short treatises on catapults, engines of war, &c. (an edition 
was published in Paris, in 1693): and by tho Keo-rot, written 
in 200, which contains, amongst other things, rules for finding 
tho breadth of a river when the opposite bank is ocoupiocl by 
an enemy, how to signal with a semaphore, cijc. 

In tho sixth century Boethius published a goomotry and 
an arithinctic. The former contains a fow projioaitions from 
Euclid, the latter is a free translation from Nioomnclnis. There 
is nothing ovigiual in either work, but thoy formed tho standard 
text-boobs of western Europe for some six or sovon conturios, 
and thus it is necessary to consider thorn, though their intrinsic 
value is very slight. 

Boethius, or as tho name is somotimos written Jiootius, 
born at Rome about 47f> and died in 626, belonged to a family 
which for tho two pieceding centuries liad boon ostoomed 
the most illusfcxious in Rome. It was formerly boliovod that 
he was educated at Athens, but thougli this i.s somewhat 
doubtful he was exceptionally well rend in Grook litoraturo 
and science. He would seora to have wished to dovoto 
his life to litemry pursuits; but recognizing “that tho world 
would only bo happy, either when kings beoamo philo.so- 
phoi’8, or philosophers kings,” he yielded to tho pressure put^ 
on him and look an notive share in politics. Ho was ode- 
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■atecl for his extensive cliaritiea, and what in those clays was 
!i*y rare the care that lie took to see that the recipients were 
Di’tliy of them. He ivas elected consul at an iiuusually early 
0 , and took advantage of his position to reform the coinage 
icl to introdnce the public wso of sun-dials, water-clocks, iSic, 
e reached the height of liis pi*osperity in 622, when his two 
us were inaugurated as consuls. His integrity and attempts 
protect the provinoiala from tlie plunder of the public officiuls 
ought on. him the hatred of the Court, Ho was sentencecP' 
death while absent from Itonio, seized at Ticinura, and in 
e baptistei’y of the church there tortui’ed by drawing a cord 
and Ilia liead till the eyes were forced out of’ tlie sockets, 
d finally beaten to death with cluhs on Oct, 23, 626. Sucl^ 
loaat is the account tliat has come down to ua. At a later 
no his merits were recognized, and toinba and statues erected 
his honour by the state, 

Boofchuis was the last Roman of any note who stucliod tho 
iguage and litoraturo of Greece, and Ills works afforded to 
Hlitovnl HJurope the only means of ontoring into the in- 
loctual lifo of tho old world. His importaiico in the history 
literature is thus very groat, but it arises merely from thu 
siclont of the time at which he lived. After tho introduction 
Aristotle’s works in tho thirteenth .century his fame died 
'ay, and ho lias now sunk into an obscurity which is as great 
was onco his reputation. Ho is best known by his C'onso- 
io, which was translated by Alfred tho Great into Aiiglo- 
xon. .li’or our purpose it ia sufficient to note that early 
idireval mathematics was entirely founded on hia geom'otry 
cl arithmetic. 

His GeomQlry consists of tho enunciations (only) of Iho iirst 
ek of Euclid, and of a low selected propositions in the third 
d fourth books, but with nunicinius practical applications to 
ding areas, &c. He lulds an appendix with proofs of tlio 
it three propositions to show that the oniiiiciations may bo 
iod on. He also wrote an AriUkmitie^ founded on that of 
comaolius. These works have been edited by G. Friedlein, 
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the empire teiiciiug to divert men’s thoughts into other channels. 
In 632 Mohammed died, and -witliin ten years liis successoi-s 
had subdued Syria, Palestine, Mesopotiiniia, Persia, and Egypt. 
The precise date on which Alexandria fell is doubtful, hut the 
most reliable Arab historians give Dec. 10, 641 — a date which 
at any rate is correct within eighteen months. 

With the fall of Alexandria the long history of Greek 
mathematics came to a conclusion. It seems probable that the 
greater part of the famous imivemity libi*ary and museum liacl 
been destroyed by the Ohristians a hundred or two hundred 
years previously, and what I’emained was unvalued and neg- 
lected. Some two or three years after the first capture of 
Alexandria a serious revolt occuiTcd in Egypt which was 
ultimately put down with gi*eat severity. I seo no reason to 
doubt the truth of the account that after the capture of the city 
the Blohammedans destroyed such university buildings and 
oolleotions as were still left. It is said that when the Arab 
commander ordered the library to be burnt, the Greeks made 
such energetic protests that ho consented to refer the matter to 
the oftliph Omar. The caliph I’eturned the answer, “As to the 
books you have mentioned, if they contain what is agreeable 
with the book of God, the book of God is sufficient without 
thorn } and if they contain what is contrary to the book of God, 
there is no need for them ; so give ordoi-s for their destruction.” 
Tlio account goes on to say that tlioy were burnt in the public 
baths of tlio city, and that it took six months to consumo 
them all. 


CHAPTER VI. 


THE BYZANTINE SCHOOL. GtH — 1543. 

It will be convenient to consider the Byzantine sclu 
connection with the liistoiy of Greek mathomatics. Aftt 
capture of Alexandria by the Mahommedans the mnjoi'j 
the philosophers, who had previously been teaching 1 
migrated to Constantinople wliich then became the oeni 
Greek learning in the East and remained so for 900 ; 
But though its Jiistory covers such an immense inters 
time it is xittcrly barren of any scieiitiflo interest; at 
chief merit is that it preserved for us the works of the < 
ent Greek schools. The revelation of these works t( 
West in the fifteenth century was one of tlie most iinpc 
sources of tho stieain of modern European thought, am 
history of the school may bo summed up by saying tl 
played the part of a conduit pipe in conveying to us the r 
of an earlier and brighter age. 

The time was one of constant war, and men’s minds d 
the short intervals of peace were wholly occupied with 
logical subtleties and pedantic scholarship. I should not 
mentioned any of the following writers had they lived i 
Alexandrian period, but in default of any others they m 
noticed, as illustrating tiro oharacter of the school. 

One of the earliest members of the Byzantine schoc 
Hero of Consta-ntinople, ciro. 900, sometimes called the yo 
to distinguish him froni Hero of Alexandria (see p. 81). 
is great difl&eulty in separating the works of these two wi 
and some think that the expression for the area of a tr 
given on page 81 is due to Hero tlie younger; it cer 
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Uu' iiliiinuil«rln(.irH of I, ho woi’lc of UiIh tLmi>, Hom 
w’oiild Mooni U» luivo wriMnii on /'t'liilimy iiinl innolmnios iin iiji" 
jllioil III Oltf'llMVI of will'. 

Dni’iii^ llio tniiJi c'oiiltii-y fwo oinjioj'orn I, on VI. iiiul Onn- 
Htaiitiiin VI 1. ;ihi;wi'i| ooimhloj-nlihi inloroiil, in iiHli'niiniuy and 
iiuiMii'iiiiitirii, iiiit. tlio atiiiiulna ihuii f{ivi<n io Uioi>' alaidy waa 
only l.i'in|ioi'ary. 

In Iho ooid.iti*y I’jinlluH, horn in lOUO, wi-otn a 

|iani|dili'l. on llio i|Miidi-iviiiiii. I|, ii< niiM' in (lin KaUnnul 
liiliniry id. I'hiIm, mu. No. Il.'h'ld; ii, wan |ij'inl,od at Halo in 
Ifi'ill. Ho iili.o wrnlo It ('inu/inuliiiiii nnitlmniidriiiii, M’liioh 
wnii {irinli'd al- Hovdi’ii in Hi I'/. 

In llio rnoilooiilli ronini'v wo lind tlio iiainoa of llu'oo 
liioidui who paid iiHontino lo inal hoiiial ioa, 

‘I'ho liial. of tlio lliroo Wii'i IMiVinuhia; ho wrnto a onininon" 
(ary on tiio two liral. hootoi ol' |)iii|ilianhii<, pulilialioil )>y 
Xylaiidor, Hah-, l/i'i.’i; a uoih on linidoo ariiliinoUo puliliahitil 
hy (! .1. (h'llitirdl, Mailo, I'Ui.'i; imd aiiollior on |irn|inr['iiiiiii 
svhioh i’l MOW in iho Nntiooid l.ihniry a(> I'aila, Mh, No, '.llihll, 

'I'lii' iiovi. wif) II < 'iihihriao inoiili nainod IhU'luniUi m'Iio 
diod in l.'HS. No wii-i tho unllioi’ of a work on llin (Iroolt 
inolhodri of ■■iiloiihitioM. Iroin wldrli wo dorivo a f'ood doal of 
ntir ihroiiioitioii itii to llio wuy in wliioh tlo' Hrooka praidirally 
ti'i'ulod tVui-iiooa: ilii» wiia pnhliahod in I'ariH in Hiilll, IlaV' 
laaiii lii-oioa io Intvo hooii a loan of |•|'■'a( inlo||i;'oni'o, !lo waa 
aonf toi an aioha'i-aidoi' In tho pupo III Avi)pion, and ai'ipiillrd 
hiiiioolf of it diilioidi lain 'ion voiy I'todilahly; wliilo llioro lio 
iail/flii- Hindi to I'ol rill •'ll. I |o uio) fiiuoaoi al ( 'oiislani iiiopio 
lor dll' lidioiilo lio llirow on iho pi'i'pofih'i'ona |>roloniiiiiiia of 
iho iiionh'i al M«iiiiil Alhoa (noo I i ililmn'ti /^'idlin', vi,, pp. H!i), 
',! Mi} who liiiinhi lliiil lho;.o who joilO'il ihoiii I'onld hy alandiiip; 
iialiid, l^•!*lilll!; llo'ir lioanla nu ihiii' hri-iOitu, and ali-adily ro. 
f(ai dini( I hoir iitniinodia aoo a oiynl i*‘ lifdil wldoh wan llio onfionoo 
of iSod. Marliiaio ioUl'o’d llo'ia to iinl>:>HMito (ho li|^'hl oi 
I'oa'iiih lot* dull, of Ihoti' alnioioloi a pirro oi advii'o wliioh 
iii'Ui ty him hi'i lifo. 
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'Iho last o^ UicsB monks -was Argyrus, who died in 1372 
Hg wroto Uwiio asti-onomical tracts the mannscripts of w uc i 
avo iu the libmriea at the Vatican, Xeyden, and Vienna; one 
on geodesy the inamiscript of which is at the Esoimal ; one 
on cooineti'Y the manxiscript of which is in Pans, ais. No. wllS. 
and one on trigonomotry the manusevipt of whioh is at t e 

to^ttteLtk or porliapa tho fitteDiith contary Hieholas 
oE Snwma wroto M. avitlimetio which is now m the National 
libva/y at ranw, > 13 . No. 2428. Ho also wrote an account 
o£ tlio liiigor-aymholism (seo p. 106) which tho omans i 
introiUlcocl into tho Eaat ami was thou current t|>« 

latter is ciuacril.od l.y Boclo ami would thorofovo Boeni to liarc 
liiMi known na Ihr west no Britain i J ovome also alludes to it 
In tho liftoonlh contnry Paohyjneros wrote ™ ; 

niotio, geon.otry, and four inoehanioal nmolnnes. A feyeais 
later Mosoliopnlus wrote a treatise on magic s j ’ 
formation of which was then a fnvouvito amusonient as they 
' wore supposed to possess mystical proper ties, and in particiihu 

. iV m.,ic square ol “'J oJ 

natural uninhcM m tho j ,;, iHagonols Bliill be tlio Bsme 
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(Uiongh I do not know any pro ton down: but a squaro of tho 

aqnftvo of tiio ovdor 'j™ ""■" empitically. If magic squaroB of the 
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when ongravGcl on silver plates to be a charm against the 
plague. One is figured in the picture of melancholy painted 
about tlie year 1500 by Albert Dtiuer. In later times these 
scjUfvrcjH have formed a favorite subject for many writers. 
ISulor in particular seems to have been fascinated by it, and 
in a memoir publisliecl in tire Hist, de VAcad. des Sciences, 
Berlin, 1759, gives magic squares of various orders which are 
subject to additional restrictions ; such as that the sum of 
pairs of numbers opposite to and equidistant from the middle 
liguro of a magic square of an odd order may be the same. 
Somo of the more i-ecent articles on the subject will be found 
in tliQ Quarterly Journal of Pure and Applied Mathcmatica, 
Yol. X., p. ISQj Vol. XI., pp. 57, 123, 213; Tol. xii., p. 213; 
The Masaenyer of MaLlmnaUca, Vol. n.; the Voit-y. Corr. Math. 
Vol. ii., pp. IGli 193; and the Pepo^-t for 1880 of the French 
(moQialion for tha adwmeement of eciefnee. Moschopulus was 
iiho oavliost writer who attempted to deal with the nmtheniati* 
cal thijory of hucIi squares. His work exists in manuscript iii 
the National Library at Paris (mb. No. 2428). Moschopulus 


died in Italy ciro. 1470. , „ , . i *u 

Confltantiuoplo was captured by the Turks in 1463, and the 
last somblanco of a Greek school of mathematics then disap. 

nearod. Numerous Greeks took refuge in Italy. In the West 

the monK)ry of Grook science bad vanished, and even the names 
of all but a fow Groek wi-iters wore unknown; thus the books 
broucht by tlu^so refugees came as a revelation to Europe, and 
as wo shall soo later gave an immense stimulus to the study of 


Hoienco. 
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ON SVSTKMS or NUMiniATinN* 

I HAVB ill mnuy plmw «illinl''il in dm dn'i'li int-ilii; 
oxiH-cwHlng mimboi'H in wrilliiK, himI I Imvi' diniii;lil il It 
( lojbr to tlu« olin|il«l' tllO wimlo nl' wlml I wiml.'il hi imy Ml 
VttviouB HynUjiuH of nmnorinil iintnlimi wliirli wi'in inn|>l 
by tliab of tlio A rulm. 

Fh-Kb iiH to Hyiiiliolimii iiiul lun;'iiiiKo. 'Dm |ilfiii ><1 
cuting iHiinboi’H by Uio ofimo nr linili liuinlii bi no hh 

thiit wo fiml lb in miivitijial inm tiniiui),' nu ls rmru, iiinl 
inoniiiorH of all trlboa now nxlunl iii n i(l)ln !<■ iiulinih’ liy i 
lunuborH at louHb im liigli iih Ii'D. l''iir oiiiiiln'i k \mi 

bowovoi* mioli a IhnibboyoiMl wliinli iniiMilUn iinin in m 
to count, wbilo IIH far ax langnuKo gnrH if in wrll bnM\^ ii 
many tribes liuvo no wor«l for any nuinbi i’ ln yiihil rum', 
that Uiuy oximiHH all lilgbor iininlH'iii by tlm wmkIh |ii<<ni 
hca|). It in worth roumvking llint llm Mi'yiiiiumi onn) 
symbol for tho word houn to ilnnuln mi niiliiiuwu •inuuii 
algebra (boo |i. 9). 

The number five iHgonorally loiu'orii'iih'd l.yilm upnit h 
aiul it iH waul that in uliuoHt all lanfpuij^oa do’ wnr.ln Um; 
hand nro derived from IhoHniaa rout, It in |iii:>ilili' dial in i 
times mmuUd not readily eoiniL boymal live, ami il : 

numoTOUB were eeuiitod hy iiiulliiiini of il, ‘riiun dm lb 

* Tho subject of thin oliapler in ilbniaiim i| by Cniar.i uml Hiniti 
great deal of valuable inrm'iiialina in nlmi in 1,, In ihr aihi 
ArUhmetic by Doan I’eiumek in llui A/, 

Sci'eHCM, Loiuloil, iHlfi, J.rii niuHrn utoinjnttr if / .u fi/i„ip fi/ii. , ), 
pcuples dc Vantlquiti. ..hy T. ,11. Mmlln, Uman. imii ; 
by A. P. I’olt on tlio miiijnetr lonl /Ur /uhh.i. h,, i.y u, I im 
E rlangen, 1801), should also be onaHallvd. 
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symbol X for ten probably represents two “V's, placed apex to 
apex, and seems to point to a time when things wei*e counted 
by fives : see also the Odyss&j^ iv. 412 — 416, which apparently 
refers to a similar oustom. In connection with this it is worth 
noticing that both in Java and also among the Aztecs a week 
consisted of five days. 

But the members of nearly all races of which we have now 
any knowledge seem to have used the digits of both, hands to 
represent numbers. They could thus count up to anti including 
ten, and were therefore led to take ten as their radix of notation. 
In tlie English language for example all the words for numbers 
are expressed on the decimal system, except those for 1 1 and 
12 ; the use of special words for these (instead of one-teen and 
two-toon, as by analogy they ought to have been), being derived 
from the common use of a duodecimal subdivision of things 
among all people of Aryan descent. 

Some tribes seem to have gone further and by making use 
of their toes wore accustomed to count by multiples of twenty. 
The Aztecs, for example, are said to have done so, It may be 
noticed that wo still count some things (e,g, sheep) by scoi’es, 
the word score signifying a notch or scratch made on the 
ooinplction of the twenty; while the French also talk of 
qvmtrc-vingt, as though at one time they counted things by 
multiples of twenty. I am not, however, snre whether the, 
latter argument is worth anything, for I liavo an impression 
that I have seen the word oclante in old French books ; and 
there is no question that s&ptanUt and 'mnemta were at one 
time the usual words for seventy and ninety (see, for example, 
do ICoinpton’s Arithmetic, Paris, 1664). 

Tho only tribes of whom I have imd who did not count in 
terms oithor of five or of some multiple of five are the Bolans 
of "West Africa who are said to have counted by multiples of 
Bovon, and tho Maories who oro said to have counted by 
multiples of eleven. 

Up to ton it is oomparativoly otwy to count; but primitive 
25eople found and still find groat difficulty in counting higher 

8—2 
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numbers ; apparently at first this difiioulty was only ovnreoiiK! 
by the method (still in use in South Africa) oJ‘ yetting two men. 
one to count tho units up to ton on his fingers, and the other 
to count tlio number of groups of ton so fornnul. 'I’o ns it is 
obvious that it is equally offectiial to malco a inai'lc of some 
kind on the completion of each group of ten, but it is said tliivt 
tile members of many trib&s luwor Huec{;e(1ed in eountiiig 
numbers higher thiui ton unless by the aid of two men. 

Most races who shewed any aptitude for uivilizalieii pro* 
coeded further and invented a way of rupi-estmting numbers by 
means of pebbles or countoi-s arraiigod in sets of ten : innl thin 
in its turn developed into tho al)aou8 or swan-i)am This in- 
striiinont was in uso among nations ao widely separated as the 
Etruaoans, Greeks, Egypthuis, Hindoes, OhinoHe, and Mexleaiis; 
and was it is bolievod invont(Hl indepemhintly at sevia'al 
dift’orout centres. It is still in common use i}) JliiHsia, Ohina, 
and Japan. 

In its simpleat form (lig. i) tho abacus oouHists of a wonden 
board with a mmibor of grooves out in it, or of a table imvttntd 
witli sand in winch grooves arc imulo with tlm fingers. To ni' 
present a number, as many counters or iwbblns are jint 

on the first groove as thoro ai*o unite, as many on the seeoml 
as tliore aro tons, and so on. When by its aid a niunlau' of 
objects aro counted, for each objoot a pobblo is ])nt on the first 


I'ig. i. 
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Fig. ii. 




groove j and as soon as there are ten pebbles thore, they nro 
taken off and ono pobblo put on the Booontl groove; and so on. 
It was soniotime.Sj ns in the Aztoo quijms^ made ■\vifcli a number 
of pnrallol -wires or strings stuck in a inooo of wood on whioh 
beads could bo threaded j and in. that form is called a swnh-pan. 
In the number, roprosonted in each of tlio instruments above 
ligurod, there are seven thousands, three hundreds, no tons, 
and five units, i.o. it is 7,305. Some races counted from loft 
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olhov. fvom right h, lolt, hut thiu i« H 

They contain^ vvlumu .lununm.l 

wcro folU’, ftiw^ 0“ oLhorwiiu! Uu'y ‘*'> 

nominatoi’« '''™ ' ..iiovii. 'I’ln'V wi'i" K'"‘" 
pi'indplo from tlwso ' . |oi) (KHUHl'n. 'I'lmn' lU- 



i»'i; 

:;r2X:s“-“ 

many Uoada on Uio M wm. ..h Ujo.n an- umln ... Wu 

as tLiy buadH on tlm Ho-oond NVin- aa ib-'n- .ur h m. 
numbovf nml «o on. U ia oaay U. .u-o l.-.w nu.al-.-n. . a 
bo luWod ov HulanioUid; n.nU.il.limt,ua. .u.-l .liv.-i.-a. . a. 
bo porformod V.y itn aid. Tliia fona n- ui--l m ll.r K 

.avion scboolH. Tho oalculuti..nH an. 

ramdlyif tho Hvo IkmuIh on ouch wn- n.-xl lo il.-i opiX 
avo oolonroil iliffoimtly to Uu.m. iinxl I- tin- l-.w-.- ...da. 

hWoiiivopi'OBOutH tho form ol’ awan imi. n. 

China and Japan. Tliovo tho .l.-v..lopnM'..l ia -oi 

further, and ttvo 1 )(««Ih i>n oaoli win. an. r-plu I by a 

bead of a dilTomit form or on a diiVmvnt diviHlm., I a. 
that nn export Japanoae can by tl... aid -(' it a.ld nnnd 
rapidly as they can i»o n-nd out lo liim. it w’dl 5 
that tho inatrumont niproHonUiil in Uio riflin' ia niadn 
two nwnbova can bo oxpn-HHiid at Um Kann- lima "u il. 
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The abacus is obviously only a conoreta "way of vepi’esenting 
a number in the decimal system of notation, that is, by means 
of the local value of the digits. Unfortunately the method of 
writing numbers developed on different lines, and it was not 
until about the thirteentli century of our era when a symbol zero 
used in oonjunctiou with nine otlier symbols was introduced that 
a corresponding notation in writing was adopted in Europe. 

Next as to the means of representing numbers in writing, 

In general we may say that ft’om the earliest times a number 
was (if represented by a sign and not a word) indicated by the 
requisite number of strokes. These may have been mere 
marks; or perhaps they represented fingers, since in the 
Egyptian hieroglyphics the symbols for the numbers 1, 2, 3, 
are one, two, or throe fingers respectively, though in the later 
hieratic writing they had become reduced to straight lines. 
Thus iu an inscription from Tmllcs in Caria of the date 308 b.o. 
the phrase sovonth year is represented by ctcos | | I | | | | • 
Additional symbols for 10 and 100 were soon introduced i and 
the oldest extant Egyptian and PUmnician writings repeat 
the symbol for unity as many times (up to 9) as was necessary, 
and then repeat the symbol for ten as many times (up to 9) as 
was necessary, and so on. No specimens of Greek numeration 
of a similar kind arc in existence, but there is every reason 
to believe the testimony of Inmblichus who assorts that this 
was the method in which tlio Greeks first expressed numbers 
iu writing. 

This way of representing numbers I’emained in current use 
throughout Boman history ; and for greater brevity they or the 
Etruscans added separate- signs for 6, 50, &c. The Boman 
symbols are gonorally merely the initial letters of the names 
of the number ; thus o stood for centum or 100, m for mille 
or 1000. The symbol v for 6 seems to have originally repve- 
sontod an open palm with the thumb extended ; just as our 
present symbol for zero, 0, is supposed to represent a closed 
hand. The symbols h for 60 and D for 600 are said to re- 
present the upper halves of the symbols used in early times 
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for a and m. Tho euhtmctivo forum tilto iv fur iiii lur i.nil.ul.l; 

of a lutor origin. 

Similarly in Attica livo wuh doiintcil liy 11 or 1 lor 7rtt n 
ton by A. for Scku, a lumilrml by 11 for Uarui, n tliiniimiiil b, 
X for : wliilo 50 wuh ronri-mnibiil by A wi illi'ii iiKtidf i 
n, ami HO on. Thowt Attic Hymbiilii i^niitiuiicil to hv loir.l I'u 
insicriptioiiH ami formal ilocmiumlH until a lain iliib-. 

TliiH, if a olunwy, iw a perfectly iiitelligible iiydfi'm; but th 
GrcoltHabHomo Um« in tlm tliinl eniitnry Imlbiv Clivial, iiluui 
(lonod it for ono wliioli oUbrH no niieeiiil iidviinliigi'a in ib-m.l m 
iv givtm numbor, whilo it makomill llio (i)ii'nilii>nMnl mil Innrt i 
oxooodingly dillionlt. hi tliiH, wliinli in Innnvii I'n.in llm plmi 
where it WUH InlnnlmiiHl uh tin* Alnxiiinlriim iiyuli'iii, 111 
munbm'H fiDin 1 toll are ropncuHitml by lln- lirnl niim b'l.lm 
of the iilphabotj the b*iiH Irmii 10 In SIO by iIh' iicxli niil 
lottorH; and the liundredii from lOO in ilOl) by llin imsl iiiii 
lottors. To do tliiH the (Iree)m wanted tlV leth-ra. ainl a 
their alphalait only eontuined L'l, limy I'e iiiiii'i'b'il Iwn h-Mm 
(the dlgamma and ko|)pa) which laid fin iimrly been in if iai 
had bocomo olwolete, and intredueed at t.lin eiul annllii'i' nymbi 
takon liwii the Vha*nieiau alphabet. Tliua llm ten IcHei 

a to t Htood rimpeotively fnr the nuinbmH I Ot lO; 111 

next eight lottorH for the mnltiplea of Ml I'min ‘.10 in 00; an 
the last nino loUors for 100, 1100, ite. np In OOO, hilei iai'dial 
uumboi’H like 11 were reprimeiiletl an the hiim nf In and 1, llm 
in by tho Bymbol in'. TIuh ulforded a imlalinn fur all nnnibei 
np to 990; and liy a uyatem of intllixeii and indieeii il wt 
oxteiuled ho iik to i'()pre.sent numbi'i'M up In lllo,<in0,0iin, 

There in no doubt that tIumeHigna were at lit at mily m eil ii 
a way of oxpniHHiiig a ithuR attained liy ania« eum'ii’le < 
oxporinunttal inetliod, and the idea nf nperaliiig wiib t! 
HymbolH thoniHolveH in orilor to nlilaiii the reaulta in nf a lali 
growth and Ik one with whmh IIk- (Ireelui never lieean 
familiar, Tho non-pi’ogroHHivo ehiiraeler ef {Ireek arilliini t 
may bo partly duo to their uidueky adn|uinii nf llm Ale> 
nndviau system wliiiih cauHoil them for mimt praeiii'al pni'pnM 
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(o i’<'ly <>u {'lui iiitiioiiH anil L<i an|)]ilann>nl< it liy a liililo oi; iiuilki' 
plicadnim whiah wini limnil. liy lauirl-. 'I'lm nf blia luiil- 

lijiliciikitiii or iHviiiiuii ol' iimiiiIkii'h niliar (linn tJiosn in tUo 
iiinll i]ili''aHon lal>In liava lu'im (ilititini:il liy l;lin iinn nl' 

llin (iliinniif, lait in liinl. I.hny wai'ii |{t‘ii('nilly atil, liy n'lii'iiUxl 
iidililioim iinil Hnl>t-riial.ionii. 'I'liUii an )ah< im Dll a lan'laiu 
iiiallinnialn'iiin who in Mm I'ouiiin oi' liitiworli svntitx to iiinlUply 
.i(l() liy h Itinln Mio raiiiiK- hy luhUMon. TIk* Hanio willin' wliini 
ho wanlri III lUvido lillit! hy Mi hlcii all iho iiiul(i)i)(‘H of If) 
iiulil lio f(oht to lilHin, Miia /.{tvi'ii him lOl) iiiat a nmiaimhir ol! 
11)1!; Ito (lion ho;di»< ajv^ix with all llio miiHliiloa of If) until 

110 ){ot!i (n Mil), anil Miiii ('ivoa Itiin 10 ami a roiiiaimlor oi! 2. 
Monoo (ho itnawt'i' in llo with a ronniinilor 

A I'ow laulhoMialioiiinn hnwovor inioli iia lloro of Alox- 
amhia, Thoon, nml Knlooimi inniUplioil iiml iliviiluil in what 

111 oiinoni iaily (ho kuimo way an wo do. Tlimi to nmlliply IK hy 

III llioV iiM rollown; 

lysu/ {i I y){> ' '/) (10 |.:i)(ll) I K) 

I ./) 1 yU ■ -/) 10(10 i K)iil(IO.l H) 

,, . ,, . I M. 100 I Ko t :io I ti l 

O.U Ihll. 

I imnpooi ihai> iho hoii iito|i, in whioli thoy liad (o add lour 
uuinhoKi lof'olhor, wan ohiainod hy llm aid of tho alumna 

'rhi’Mi' howrvor worn iiion of oxro)iti.imd iv'nina, and wo 
Iiinxi loi'idlr.'l Mini hm all oidinaiy |.ur|io;n'n llo' art of oahm- 
hition wioi jioil'oinmd wiili llo* aid of llm uhiioua ami llio mill- 
lijiUoaiion (ahh- only, whilo Mm (orm arilhaiotio wan ronliimd 
lu Mil’ Mn..ii« 1 of j.ilio, projii.rlion, and of unmhoru (noo 
|i, liM), 



SECOND PKIUCD. 


THE MATHEMATICS OT THE MIDDLE AOEH AND 0 
THE RENAISSANOE, 

!/’his peviod h'Ajxm about flio hIxI/i nii'l iimi/ /«- mm ' 

to end witit the hmmliou 0/ amdi/lirtil uronirtri/ nm/ i>l' t) 
inJinileHimal euhdvH. The idiai-notn‘lnfii\/ht/iir,’ n/ Utln 
w Iho omdiou 0/ vioditm arithninfw, uft/rbra, and lt'l>n>naiii<-ti-n 

I commoncoil Uuh luHtory !iy if iiilo Mih'i' |M'riiii| 

I have (Uhouhho(I Uh) liiHl.ii)'y of MiiillioniHlii'ii uimIoi' iiil)^ 

once, and I now uoino to tiiiil of t ho niat]ioiiiii('h')i of t lio niitlil 
a;;(0H and i-ouivihhiuioo. 1 Hindi ooiihidov liriit in I'liitploi' vtl 
tlx' vino of loantni^ in wiHilorii Miii'()|)o, mid tho i(iiit]io)iiiilii 
of tho middlo Niixt hi o}ni)tl,ot‘ i\. I nlndl dinounit || 
imturo and limtoiy of Avaldiiu matlummlini, mul in I'linjdor ; 
tlioir intvoduotion into Kurojin. I idiidt llion in i')in])Ioi' s 
bmeo tho HidwcKiuont iivo^roHH of arltlnnotin In {)u< yoai' HIM 
Noxb in cliajitor xii. T hIiiiII tvoiit of llin |»ohorid iiiulm y 1 
nmthoinatioH during tlio ronHiHunnco fiom iLo invi'idinu \ 
pi'inting to tho ooinmonconHint of llio mivt'iih-pjilli oiml.iir 

say from IdriO to 1GM7; whioh \h ri-iilly an a of i1m> di 

volopmont of nritlimotio, idgulira, mid IrignMnnii'iiy. Lmiil 
in diapUir xiii. I uludl (jonahior tho rovivid nl' inlort'al. ) 
inoclinnicH, ox)>oriiii(mtal niothodn, mid pm-o ijmiiioliy who 
marks tlio last fow yisarH of Ih’m poriod, mid itorviai an n n.i 
noefcing link liotwwm tlio niathoinidii’M of iho n-iiaiMutnoo in 
tliosu of niodorn tinum. 



OUAITKR Vni. 


•I'lll'l KIHH MK I.KAUNlNtl IN WKSTKHN KUUIU’K. 

I'.m). (iim— 1200. 

Hi;ni’i‘iN 1. «VM, miauif/if and oitjhth i'.cntw'u'.s. 

Hi'ci'UiN ‘.i. VVc' ( 'iithi'dTiii uitd i'liumtltud Kt’/ttuih, 

HiH'iMiN :i. V'A't I'iifx ff lfi*> •'fill/ lunlhrid iiuhr.rHiiwu. 

J'Min'iUiim 111 //<«! {iUlli, nf'vvnlli, and (Uifhlh (mtKnGH. 

'I'lli: »'''i0.»r5i‘ii of IliiH H(U!oinl jiiinnd of our luHtory 

lU’ti iiiii|,(ii!urlv I'ikm'U of uuy mid intliHiil it would lio 

Hiniiit;*' il' 'VO fouiiil nuy Itiiowloilmi of oillior noioiiou or iiiullio- 

ll(*«io who won* jiiHi oinor«iiiK I’nnu hiivliiimui 

mol livoil ill 0 of iioriM'l.uul wiir. Uromlly HpoulduK 

WM limy Mity lliiil lV**m iho nixlli to llm oiglith omiLuriuK nil lhii.t 

mn-vivml ol' iuom>'HI. 110.111*111. in wohIovii l■hlvo|lo wuh iivoHorvod 

j„ ti,„ ii»*imHlonoH. W.* nmy tliovo liml houuj 

hIIkIiI. uUoio|*t*i o(, u nlU'l.V of lilonituiv, hub nmllu'iuulh’iH wim 
iii-v*'r I'oiol: 1*1 U’lini (ho lui.* tif ilin uhamiH, Lo luiooniitH, 
mot 1.0 know Ihi’ ml'* hy wliioli llio of KiiMor muild Ijo 
ilotoi'ioiiiml wim uU tho miMoih’o liiul. Ilio imwl, HtiiilioUH iiiiiiod 
III. Mor wioi llioi niin'!»m*imt*li«, for tlu* monk liiul rououin!ml 
I, ho world, nod lh‘n.' wim no ivivhiih why Im hIiouIiI li'iivii liiovi) 
(ifloiic.. Ihnii w'»H r''«niir.*«l for llm Horvim’H of tho ohundi or Iuh 
mniiimti'iy. 

Wh.'O. in Uo- Ini tor Imtf «f Iho oIkMIi W’olnry, OhiirloH I, ho 
(Inml Imd .'«lnldlMh.-d UU Hn)mv, Im dolormim-d to do wlrnt ho 
nmhl to lonoMiy tin* ovil ; uml ho hoH*tu hy nimunmdhiK that 
whindn* ohoiihi ho t-iH'iicd hi ^■^lHIlrlTli^n with ovory nitliiidral 

• Hi tt Th^ of t'UitrUi fftfltVrtirnwd Ihf ri nU>riilim of nhiniffoii 

in i/tr lo'Mfti .v.iOiry l.y J. It. f^ndiMi, 1 h?7. 
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and monastovyin his kiii[(d(mi ; an nnlur whiidi wf.'i ti|.|iiov('(i 
and niatoHallyasmstwl by tha Ir in inlfivsl iin; 1.. un In 

knowtlialihhlHWaK(loMoakl.ho lnH(.iitM'i' and nndt'r llio ilir<u liuii 

of two EngltHhimin, Alcniiii ami Mi-iiiciil, wlm IiikI Hilni lird 
tliomsolvcs to Ins a fiml. wliudi iiiny hi'i vo l<. m; 

that during klio olgljtli mihiry l'’nt{lmid nml In limfl wnr in 
advanco of fclm of J'3aro|ni as far as Irnriiiii,': wnni 

Of tlmso tlm moio jirtuninonl. wim Abniln'* a im win Imrii 
ill Yorkslihis in 7iir* ami diiul at Timm in MOI, |li> «ii'i 
cdiicalod at York umlor Ai-idiliishui) I’iglii'i t liin “ lu'lionl 
nuistor” whom ho aui'ooodoil as tlirrolm' of llm M'lmul llimi-, 
SviliHOfiiHintly lio hooamo aliliot of Oaiili'ilmiy, and wm m-iiI I>> 

Homo by Olfa to jirocau*' tin' jiullumt. ibi his J'siuii'y h, 

lio mot OliarloH at Parma ; tho omjicror lonl; a givsi lilriii;' i<. 
him, and finally iminn'd him to lako nii his ii'sidoois' nl ihi' 
inipovial court, ami (Imro (each iln*(oii«', logic, timf lo’ionlici, sin I 
divinity. Alcuin ri'inaincd for many ycnni mic nf I lie ninul 
intiumto and inllimnlial friends of (iharlcs, who i ••nalnnl ly 
oinployml Idin na a coiilidcnlial ainbasnadoi' : ns iim h he h[iiiiil 
tlm yoam 791 and 792 in I'lngland, and while there i« organised 
tlm studios at Ills tdd aolmol at York, In td)| hi’ heggi d per 
mission to roliro from tin' oourt no as lo lie aide to up. isl ilie 
last yours of his lilb iiHiniol.: wil-h dillleidly he idiioiios) leave, 
and wont lo llm Abbey of K. iMarlin at Toiiie, of wbieb )i,i litid 
iiooii mado iusid In 799. Me I'ldabliuln'd a la'limd iu eoiiiiri tioM 
with tlm afiboy whioli boranm very ceieliralisl, and lu’ renaiined 
and tauglit tlmri' till lila deaUi on Alay 19, 

Tlm W)rros|iondmmi' and works of Alenin woh' pol.lj.dn d In 
2 vols. by Krobmi at Ivatislmn in 177V, Mo .i ..f i|i. m deal 
with theology or history, hut timy inelmlo ii eolli eii,.i, ,.f mith 
iimtloid propositioiia auitablo for ||m iiisfnielion ofile- yming, 
Tho majority of tlm proiiosiiiomi uro easy pi.d.l. mi,, i.jilim 
doioi'ininattj or indotorminate, and mo. I preiaime. b.tni.h d on 

* Huo tint lifo or Aleufn hy R |.oieiili;. Hull.., huie.Iit.d l.y 

J. M. Hlco, Ijoinlon, 1NII7; and .'1/(1111(1 los/ udii ./ii/,i7iiin.t 1 1 l.y U , W.sn. i 
I'nilorborn, 1879. 
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wiirKii wilh wlti. lj h«t )m>t Imvoum’ wlmu iil. Uimic, 

Till' liill'iwiti}' Ihii iMii;.|. ilinifdll, itmi will ^ivii mi 

idni til fill' riiiil'infi'i' I'l llm wurh. If Mur liiniiliiul IiuhIhOh 
. if rinii UK' atinin|5 mic IiiiimIk'iI |ll•ll)l !(1 in imoli a 

umini' i • I'uf ' '‘' I' ivliall ii'i-i’ivii iliifc* l)i]i>)ii<|h, nu'li wiiniiiu 
lAVd, mill I'ii' li I'liil'l Imll n liuvv nimiy nil'll, wninnn nml 

I'liililnn wi’K' fiii'K’l 'Di'- fji'iini.il i.itlulnni in iiiiiii, 

liii wuiiM 11, mill [i-’ l' :'»«) I'liililii'ii, wIh'K' //. mny liavn iiiiy iif 
dill Milui'u t, ’ 1 , I, ■*. fi. Almiiii iMily nh'i'n flin luiliilimi liir 

wliii'li li , I d In’ I I ni.'ii, la wajin ti, iiiii) '/•! r)iililrii||, 
‘riiin liiiui'Vi r wa i lh«' wniK it| ii nnui itf «<\('ii]i{.iiiiml ^I'liiini, 
mill \\i' iilitiU I'Kil-alily III' * ill i'i(VMi'{ iliiii iiiiidii'iiiatirH, if 

l!ilif;lil 111 all. '''‘'I .[{.'u.'i.illv t MiiliiM >1 III till' ^1 Hiiii'liy iif Miiiidiiun, 
dll' mil' I'f dm id'iii li'i KMil iMiiIf i|ilt<-itdHM fuMi', mill |iiiiiiiili|y dm 
midiiiiitn Ilf d>>rll«iin> |( wa-i of nullin' luillUill dull llm 
vviil'K'i m i'll "lioiil'l t MiMi' l«oiii lli.iiiiiii iioiii'i'rii, t'lii' Uriiaiii luu) 
all till’ I out if I ii"' III' iii'i'-'l Ml dio k-aM|iiM' of I 'Iim')i'!< liiiil at iiim 
dlim fomii 'l I'Mf "1 do- vn iM iii Imlf of dn' Uoliiail I'niJiiVK 
mill dll 11 liiliiil'danl i » oiiiiimr.l |o| a lom* liiim (o ii'j^mil iliiitm 

ii’i flm iriitK- of • iid«.* «tioii. uhilo ill" liiijlii'i' I’li'i'i^y Imjit. U)i a 

l(l|■<^•ll<l> l oiiij.ilif lliK'l. >01*1:0 willl i{o|||o, 

VVir Cntlnuimf iMii/ f 

Ali‘i i!*o •Itafli ol Hunt m|‘ till' iii’liMiihi I'liiiliiiinl 

dli'lM'U U> u <o >< -»• IlMl.:.; illlll IMUoil', lllllf in dlOUl' Hllbjl'ltla 

billin’ liiiow li liJ \v>*’i tT’noiiliul In llio woililly iiiU'i'iaiH 

of dll' tii^{li''i • (I’tfiy Tliio *Viin Hot ninrlt, liiit llm ruiilitiiii'il 
i'Ai>iidiiio of ill*- nJo.oU o|i|<iMiiiiiiiY lo any liaulior 

w liOfio oi du'iio ii'iiinw liinit}{; mill 

dimii-ili do'if' laii f<tw vvim aViiilrd dii'iiini'lvni of llm 

♦ H»jioiI,hmIiv, i flo' i»»n*»l'oi »*|f f)i »»'‘0 ttr>>iriii^ iiiHirurdmi wan 

ho lai>:,o di.kl it woidil »»'» if nny oiu* who I'oiilil li’imli wan 

I'l'Vfaiu t*i adiiol I* I'onimloijdilo ainltom'o, A fow iii'lmoln al 
whii'li iliia w(»!j dm ^•:»ll.l' iM'i amo tiii'i iii ijiiirnl a imitaiii 

of i-i'i iimMolit'o ‘I’ll*’ tm>}4illf Wi'I'il htill I'Uilllltl'il 



126 TJni: hisk of lkahninu {N wkstmhn ki'iuii-k. 


wUhiii tho narrow UmiLs of llm jovlituintny Irivinm, vi/. 
grinmnar, login, ami rliolorin, whinit |niii'( ii-iilly mk'hoI. ilm ail 
of rnfttlmg ami writing Latin; uinl Mu' atlvamrcl i|iia<li ivinin, 
viz, fti'itlnnotio HuHiniout Ui onuMo oin' In Kn.-ji iMviamls, inuaii; 
for tlio ohuroh Horvinnn, gonniotry I’or llir nl' luiul 

aui'voyhig, ami uHtrommiy HnHirioiii. In (‘iialiln tnin «•> i iilniluln 
thu foiintH ami fimta of tlio (•liinvli. Tim acvi'ii lilti-ral ailii iii.« 
onuinomlnil in tlio lino 

lAwjua, tropuH, r*Uw; numtuuH, /n/inn, itii!/iihi:i, 

Any Htmlout who got Imyornl tim tiiviiiiii wm> IhiiKimI nn a i n nmii 
of grout orudituiu, <^hii /rm, i/ui Hc/iinii, i/ni fohnn urifu/r nurit, 
UH ii vovmi of tho olovonth ooutnry niiitt. 'I’ln- upcimil i{iii>iili>iiiii 
that tlion ami hmg aftonvuvdu uttno'h-d ihn ln'iit iliinlii’Ki wi'in 
logic and nortain |ioi'tioiiii of tvamu’i’iiiiriiiiil ilii'nlni^y mul 
plilloHopliy. Wo may mini tlm niiitlj«r ii|i I'y auyiiig lliul, iliii iiig 
thcHO conluvIoH tho mathoMiHtioii nanidly liiiii'lit \va-i nlill i'mii 
finod to tltiib nonipriMod in tho two wurloi nf llin’iliimi I'lgiil.lii'i' 
with tho prnotinal uho of tlm nimmia and tlm iniiltiiilii'alioii 
tnblo, thougli iluring tho lutUn* part of llm liiim a « idiT ratign 
of I'oadiug waH undonhtodly imroaidhlo. 

In tin) tontli ooiitury a. nmn ti|tta'nn'il w)m wmilil in niiy 
ago liavo boon rmnarkahlo and wlm gavo u gnal aliianhnt 
to loarning. 'I'ldH wuh Qoi’hort^, an Ainiitunian by liiifli, 
who (liod in 1006 at uhout tlm ngn of lili.y, Ili>t abililii'u 
atlrnctod uttoutinn to him ovon wlmii ii luiy, ami pi'ni'ni'i d Ida 
removal from Urn nhlioy mihool ut Auiillmr tu tto> Sininiiih 
inarch whom lio I'ocoivod a good odaoufinii. iln naa in l(i)nm 
in 071, and hia pi’oliohmoy in mmdo ami iintiomotiy «si'i(i<d 

conHuloraldo intomat: nt that timo Im wan mil> nimdi iliau 

twenty, Imb ho had alirudy immtovnl all Ma' luam'ln a nf (|i«< 
trivium and qnadrivium, «a thou taught, i-xtvpi h.gi.i; ami In 

* See Lit vie lie liy A. (»Uoiln, (Hiaamat. lui’.V ; li, ri , i» i na 

ylui'illuo, by K. Wwnor, tJiul KitiUon, Yii'imu, laai; ami lui- 

mue «ur Kenninm tier Mathmiitik tin MUu-l.tU, ,’. I.y H. W. , alium. 
Berlin, IHHH. 
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1..U1. Him Ii.^ iimvi.l |,„ lt|,pi,„„ Urn arctil.iHlu.h A.lallmn, 
Im.l Mm Iiiiimmik aohool in Kuri.p.., I l.am Im wuh at 

..mm invil.'.l I... Irm.li, nn.l m. «jvul. w.m lim lUmn tliat 1 1 ,„r]i (ja.mt 
.mtiii..Iml (.. Iiim Mm of hin mm who wa« 

al'l.'rwHi'.l.i hi..,, of th.rl«Tl. w«h miimmally JUmmiN for 

hiK .•om.ti iml i.m of rihiml, mi.l of l.-m-Hlnal mu! .mloNtial • 

!'•’ H.u-.m(omo.l to mm M,,, I.iUor toillnalmLo his hmtnn.s’ 
Th.'.io o-x..|h..l Kmil. mlniihi|.i(m wl.iah )m iiMlis-ml l.y 

oUhriiiK to oxoh.M.Ro Mi (uv roi.l.v. „f ohumicul Lulii, works 

whmh lii-.-m h. Imvo ahvmly vary Nuiir.io ; nml Mio 

Is'Mm- to Mllhrl, (hi.. 1.0 M|,i.uit,|,nl in all I, ha alih.f towns 

of l-;uro|,o. 'I’o hia .■(roiiM It ia Imliavnl wa owa tlia pivsarva- 
Mon of aavaral (...tin woi-lm : Imi. |,„ mmla n riila |,o n.jaat tlia 
MlinMian fatlmra ami t;..-ah auM.oiH from lih. lilaary. In IIH2 
Ii.< iv.iaiv.al tim ahl«.y of Ui.t.l.io. uml t),,, ,vst of Ms lif,, was 
tuKan up will, puHil.-al iMdi.L-M.-M. H„ hn-anm an-lihiHliop oil 
liliaiiiia in JIlH, an.l ..f Uaxani.a in tlUK; ha was alaaUsI lunio 
In imU, vvla-n lia f.M.K Mm Mila of Sylvasl.w II. ; )ia at oimn 

isminmnn'.l an app. ii| (o la arm ami .laf.m.l Um 

Holy I, an.l, lloa. f..i.'-.tiillii.K Iho llannil. hy a .-antiiry, 

Imli hi* ilii'.l on .Mny 12, Imloia |m luul tinia In aliiliiii'ati) 
his plan.., Ha. lil.i.iiy i*. I Imliava alill in Iho VuMnoi. 

Ho laiimthalila a paiaonuliiy taf|, a ihrp ini|,r..ss on his 
Maimialion, inal all aoii-j ol fiihlaa .luon l.a^an In rull.'rl anaimt 
his imrn.orv. Il j.. . l■allaill Mini lia nta.la a ahwk whiah was 
lonj^ pii n'l vnl ai nml iin oij^an work.-il hy slcaia 

whh’li ivii'i 111 ill III Hiaiimii Iwo i-aiilmias all..,' his ilaulh. All 
ihl« only l•’ml>'<l In ^••tlli^n( Mia lampiaioim of his ronlanipmariiiH 
lhal la* hml '.olrl him^i-lt' fii Mm ilavil ; anil ihi* <l«.lails of Itis 
inla»Aia>VM Nvilh ilml t;>'iii|ai|iaii, Mm powars la* pniclain.'il, alal 
Ilia I'lliiil In i-'w.ipn f.oii, hitt hai^iiin wlian ha was ilviuft, may 
ha raial in ila* paj-.?. of Willniiii af .Malmi'shni'y, nnlmia 
V ilaliw, uml I'lulimt. ‘I’o ilmia* iinai-iiolaH iha fm iaar uthls tin* 
nioiy al iJm ulalMa iioaHWii willi lia* wov.ls ’'Hliilta liara," 
\vhi*'h lanijiit fino.v.l oin Hta'a:nlo|'H in Mm dVit/.i rnian/io;-ii/ii, 
Inm hai n lomMy lohl in ilm Km'thlif 
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FjiLttimivo bhouj'li liminllrnmni wim, il Miimb n-tl !>-• luipimiK'd 
that Gorhiivt’B wi-i6iii«H hWw any 11 im nmlliH 

niatioil wovlcH ooiniii-iaa u kaatiiio ou //»-' "ih- 

„u .U‘illuH(R5a .mtithal At ,.ud -nm 

,jeomt!ln/. Tho '« "'-'‘‘'y ; tl lu 

cliuhiH a IW »|)|»lh!atuMiH («> laml jmi'Vi’yiiu' an'l iIh- ilrt.-i miim 
tioii o£ t,h« linif^hla of iimmmail'lo luil tmu'li >•! ii 

til ho copiiiil fmm aomu iiyl,lai(;iin'iiii U'\{. Imi'h, I" 'h 

of it lui howovor Holvaa oiio |iidl*loiii wliii'h win i<l 

(lilUoulty liH- that timo. Tim .itmaU.m in h* Hn-l "I' a 

rij'lit-anghal Iriau^'ln wlamo liyi»iiUimiuiii’ iumI nrin hk’ 

IT.u 8ayH^ la ollhot, that if fcimim liiUm- ho ri'n|n’olivrly .loinHi d 
by 0 uail h\ tlmii llm loitKClm of Urn two ni.li'ii will 

inal \ \Jr‘ t- - Jr^ \n 

Oimof hiH pmiilaBornollimH jnihlmhcil a work on Iho nlmiMiti 

wliioh in, tlmvo iavuryliUlo tiouht, a h'jirotlurli llm tnioli 

iiigof Oarhort. It ia valaahlo an uiilii-al iiii» llml Mi*’ Arahlr 
aystom of luumimtion wan atill unlumwii in l';iini]ii'. 

The rise of llio mrUj wvaIUwoI uuivmifiv:!*. 

At tlm oiul of tho olovoiith *muU»i'y or I lio lu'ipimitit? *>1' I h" 
twoirth a groat rovival of laumiitg Inok I'lin’o at novi'i al of tin ;i>' 
cathedral or monuHtlo wilauda; or [ii'i'liaiin wo nhouhl ralhia 
Bay that hi somo oiuam taimlutra who wi-ro not looinlioni n| 
thoHuhool Kottloil ill its viohiity ami with llm animlion of Mo- 
aiitlioriticH gavo hmtumi, wliioh worn in Dint alwayn i>iMmr *m 
tlmology, logic, or civil law. Aa Urn hl’inlonta at thmi*' ronln-H 
grow in iminhcrH, it bccaiiio |i(»mihlo ami iloiihahlo lo m^t (o 

* Nearly all Uio known fnolii on Ilia huhjanl ol' llm no diK Yiil mil 
vovHitioa am oolloolcil in DUi doi Mn I Kilt liy 

F. II. Dfliiliifl, llflrlln, lHHr>; a work vy1iIi!)i Imlli lii rmin ami ioii.ll' i 
is typianl o( (lornmn reiuiurflli. Him alnii vo). i. of T/i>- Iki/ivritiO/ 
Gimbriilye by J. B. MiillhiKor, (kiinbridfii', 1H?|{ ; ami i'.tiit ik'i Irtn-iM ua 
xiv' sfSolo by V. Lo Olorc, ‘i voIh., Faria (Uiiil ail.), iKilfi. 
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u’ln'H(»v(ii’ iiuy iutcmwb couimcm to uH m'hh ooucun'iutd. 
'I’Ih' iintiui'iiilJon tliUH funned whh h mvl of j^^nild or ti mloH union 
or in tlio of (lio tinin a nnirrmlas nrho/aniim. 'I'liin 

wtin Mil! Unit ntu^'o in tiio iUivelo|)iinint of every early inodiaivul 
niiiverHity. In hohiu eiineti nn at I'nidn l.)io imivorHity wns 
rorined hy Mie leiielinrM tilono, in jitlioi'M iin ut :H(ilo-,oni Ity liotli 
li'noliei'n end ntudontn ; Imt in all niHOH preeiHO rnle.s for the 
eoiidni!!. of IniniiHwi imd the ni;;ulatl<in of Uni intermil otumoiny 
ol tlio f'liild were forinnlnti'il at an «‘iirly iiju^n in itn liiatory, 
'I'lio inunieiimlilieiiinnl nmnerouH mmlotieM wliieli e.visted in Ifciily 
iiu|i|ilied jili'iil.y of niotloln for tlii« eonHtrnetion ol’ mieli ruloM. 
Wo ore, uliiinnt iiM^vltaldy, nnalile Co lix Mie exiiot date of tlio 
eonunoiM'oiiirnl, of iIkiho volnnlary leiHontuliiiiiH, liut (hoy oxiHtml 
III. I’liriii, ilolnj'un, Siilorno, Oxfoi’il, and (.anihridgo lioforo Mio 
end ol llio twellih i'enl.ury. Wlietlier u locwoly iiwiooiiited inul 
iu*||-eontililn(fil ynild of nlndenlu aneli aa liieno worn eiili ho 
eori'i-elly desitrihed mt a univorii||.y in a donlitrul point, 'I'luiHO 
Mioii'Men itll iteoni Co liave iiriiioM in ooninioMun with hoIiooIh 
onlnlilinlied hy iioini! elinieli or inoiiimlory, iind I holiovo every 
iiiediii'Vid imiverHily wan Iniilt n)i under the proleotion of tlio 
hialtop of iioino aeo. 'riio ^nlld wan Clnm at liiat in Homo 
umli'lini'd iiiaiiner aidtjeoC- Co Clio apeelid authority of Mio luHliop 
or hill elmneellor, from Cho laC.Cei* of whom ihe head of the 
iiiiiveinity miliiii'nuonCly looh Ida Cillt*. 'I'ho hoIiooIk from wliioh 
Cho uuivmaiCii'nhpraoK eoid.iiiued for a loii^ limn to exintimder 
Clio dii i'ol. eiinli'ul of i lio ealliedral or monanlie aulhorition hy the 
aide of Ihe ^iiildii foriiiod hy llio teaelunn on (Im more advanced 

mihjeel'i, 

'I’ho iiexf. alaj(o in Clio dovoloiuuenC. of Uiii imivorHity 
wan ill! iiTo^niliint hy Cho aovoroi}{u of the kin^aloni in 
wliieh it wan ail,nnln!. U. wna j»eHoridly lima Kiven oxulmiivo 
jnriNdietioii over iCa nw'ii aCiiihuda, and allowed to control nil 
niunii'i|iid re^ntalioiiH wdiioli in any way allccleil its momhcra, 
and linidly it naually nnaMvod adolinito elairtor of incorporation. 
Kh de^ii'rn wei'ii llioii ai'(*o)iled thrnuglamt the kiii|;tdom. ]. 
hoUevo no nnivi’iaity wiw Uitia uakiuiwUidged heforo the end of 
It 9 
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the twelfth contitry. Pnri« iiHjoivml ilM I'lmiliT in ijoo 
waa probably tlio earliaHt iniivuraity hi A pinlinil 

school oxistccl at Siiloi'iio na oiti'Iy iiH (lio iiiiilli n'litin v, ami ti 

legal school at Bologna as iiavly as I I.’IH, Imf at fi ill.wi cuii.. 

sider that the univoraities to M'limli (.|ll•M(l jadinola ivMjM'ctivi'lv 
gave rise must ho i-olomiil to a Inhu- ilatn. 

The last stop was tho uckiiowhnigmcjif, nf il-i .’.D-jminij. 
oxistoiicu by tho pope (or ompomr), nml tlm it'i'ogiiiliuji jii' {(., 
degrees as a title to touch throughoul, tJlirhilcmloiii. \v„,, 

thus recognizod in 1283. A modhoviil iiiiivi-ivtify llii'ii'fin'i' 
passed through threo stages: (irst it wan a iiMllV..)iiifiiiii,„i 
guild of students; socoiul, legal privileges wi-i e enjifei'i c'il nii i(, 
by tho stato tiud it was usually imjorpomled ; lldnl, i| 
roooguizod by tho popn luid Us ilegives ileidaied e.iiT,.nt 
througliout tho Mdiolo of Ohnsiomlom. Siieli in a g..,ieial 
outlino of tho Jiistory of the hodies under n liieli ll•/ll’lli||g niiii 
carrlod on in the inlddlo ages. 1 mid in u I'ont imi,. ,i 
adcUtioiml particulars ooimeeted wilh the 
Paris, Oxford, and Canibridgo* 


as thfinnrili l*h'r‘»I'enu lUiivemil.v. im.i ,„< ii 

stitutccl, Its hlBtoiy poBflOHaeH Hiieoliil Iniereat lor Knell, ih i. u.lein ‘ 'n. 
first of thofio BtagOH in its hislory may eoihm.,. |«, '1', , , i ‘ , , 
1100 wlioii William of Olmiiiiieniix liegiui (t> lenuli |.,,,i„. ,.„.l 

tnlnly bo Haifi 0 Imvo oommeaml wlion Mm pupil Alieliinl w,e l.vm.l i 

on logic niul cliyinity. The faoally of arte I ,ael,,il y 

govommont oxistefi in 11«0. f„r Jlunryll nre ».v.l h . ^ ^ 

with Bcehot to it nml two oUmr It il. iil,!,, |I ' 1 1 

inodioierwoifctatfiRoi^^^^^ '-rM 

Nicholas IV. dooiocd th.!t H"' 
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univeraities and the general atandai-d of mathematics has been 
largely fixed by them. They did not however for a long time 


at Oxford and Cambridge as mcr® theologia professor. The new mnator 
was not permitted to eserciae his functions until the erm after that 
n which he incepted-a survival of which oustom still exis s m the 
Cambridge commencement. By the beginning of the fourteenth century 
students began to seek for degrees witliout any mtonliou of teaching, 
and in 1-126 the university of Paris took on itself to mfnso n degree 
to a st«dent-a Slavonian, ono Paul Nicolas-who had done badly (see 
Bulffiiis Yol. v. p. 377). He was I believe tlio first student who was over 

The range of studies varied at difTeimt times but usually included the 
very elements of a liberal education. This seems to have been duo to the 
early age at which sorao. aud perhaps the majority, of tiro studonls then 
entered. The records of Pnjis show that in tlio thirtcouth century it was 
not unusual to come into residence at as early an ago ns that of U or 12 ; 
while the highest degrees such as doctor of divinity could not ho taken 
before the age of 26, and wore in fact rarely taken boforo 80 or 86. Tlio 
students were of every ago between these limits. 

Lastly I would remark that though all tlio modiroval imivorsitioB 
grow up under the protection of some bishop or abbot, and though the 
bulk of their members were ordained, they wore not ecclosiaatioal organi- 
zations; and their connection with the churoli arose chiolly hoin the fact 
that clerks wore then the only class of tho community who wore loft fi-eo 
by tho state to pursue their studies. This is tho explanation of tho 
struggles so successfully waged by every early imivoraity against tho 
authority of the bishop and his chancellor on tho ono hand, and against 
the proselytizing carrictl on amongst tho students by tho monks on tho 
other. The numerous hostels established by tho groat raonastio ordors in 
Paris, Oxford, aud Cambridge, are not now coiisidorod as having formed 
any part of those universities. 

It would take me beyond my limits if I woro to trace tho history of tlio 
univorsity of Paris farther. Its dooay is generally dated from tho year 
1719. Up to that time a teacher or regent received from his oollogo 
board, lodging, aud sufficient money to euablo him to livo, but lio de- 
pended for his luxuries on the fees of those who attendod his leoluros : 
hence there was every eneoiuragomcnt to make tho leoturos ollioient. Tho 
stipends of the professors also depended to a largo extent on their 
efficiency. This was altered in 1719, and professors whoso lectures 
were gratuitous were subsequently appointed for life nt a fixed stipend. 
Perhaps tho 18th century was on unfavourable time for tho oxporiment, 
but the result was disastrons : those graduates of the colleges, who con- 
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n.vlruil dll' Hiihji'i'tH di' hiHlnujtloii, l»ut Llusy mn-iml diom to a 
Moiiiowlial, liii'lioi' Htiudliinl. NVo iimy n-Kard Uio Irivimii, tlio 

liniiinl til iihini'n I'l't'". noon roiiinl Uitiir l<i<iUinM-oitin)i ilnii'vlril ; witliin 

fiirtv vi'iii'i llii’ iii'iidii'V i>r lioMtolii wiiii rtiiliMii'd to R’hh tliim H), iiuil tliut 

111' Hill liiiii'i I'l'lli'iti'ii III wIiUili worn limivil.Y in ili'iitj in 17111 

Him liiKili'hi wi'iM iilml uji ; llniili.v on Hojil. 15, 17115, Hin Oonvontion 

Him miivot.nl.v nii.l ciollojsoH, iviwl milHojiiiuloil Hiiiii’ rnvnmuii*. 

'Him iii'MiiMiit imivornily of Kraimo with riuinUioti iit J’lvrin, Nuiiiiy, iinil 
iilIiMi' iiluMMii ill a MVMiil.iii» of Niiiiolooii I. 

'I'liM iilliMr miivor'illioii whioli rival I’liim in mitiiinity iirn llioim of 
iluliiidia ami HiiImhio wiiioli worn roiipoolivoly tlio ((ii’at ii('lmi)lii of nivil 
law ami of ntniHMlmi in iiuiiliinval Kuroiio, lint J ilwoll on Hui liialoiy of 

I. lm uiilvMViiilv III' I'livla luuMy liooauoo it la itonoriilly talii'n an llin ly]ii(MVl 
MiMilia'Viil nnivonaty, iiiivlly lioi'-anan lioHi Oxfmii anil HninliriilKi) wmo 
fiintnli'il liy Hiono who wi'io fiiiniliai' willi lla ooiiiitilutioii. 

'riiM towKii of Ostor.l mol Oimihiulnii iivo hotli miiintoly ilonarlliiid in 
Diiiiii'iiilav IniiiK, uiiil ml llu’io ia not Hio ali|{hl''at rofovoiii'ii to any hoIuioI 
Ml' iiuivMiiiily \VM niiiy nul'Mly mniiii'l lliiit iioitlmr oxialMil in tlio your KWCi, 

II, In on Him whiilo |ii'mIiii1iIo liml iiolnioln of iiiinm Mini had osinlinl Ihnra 
iliiiimi Hill Mason I'.'iioil. I»nt at llm hilM.it nioiia at O.sford word ila- 
iili’oyMii hy Iho I'aima in HiO'.l; uinl Hiomi at (lainhiiiluo in llHI), whon 
till' Daiii'a liavinn aaih'd op 1 o Hly, on wliat wiia limn u iniiuil nvoi, 

,,niih.'il Oamhrhlim. aial laiint it to Urn itrimml. All Hm dala wo 

I w.itil.i oMMiii III point lo ilm flint that nhorliy afUir Hio Coiniuiml 

Ill »t, Hmiio lowna hihlialmil in ^•lHlnMlllion mmn'iitivoly with 

till' pi hay of N. I'l i.hniwvih' ami thn nonvniiluul nhuviili at Hly I hilt why 
Hii'iio pai tiMiilur ..l•h•Mlhl ilovniopnil into imlvnmllna wo um nnal.hi to nay. 

‘I'lm llifiL n-liiihlM Oxfovil ua it pluiui of oihmalioii in in 1 1«I1 

will'll l{ohi'rI I'nll.-n I'ainn from I’luia anil Initluvi il ml lliiiolopy. A llttlo 
liiii'i, ill 11 lit, Vai'iulmi ^•aM^n iVom lioloRiia and taiiHlit uivll law. It in 
lint iiiililM'lv Hint Him ItnimiUnlitm ninimaliuy of H. IHidimwydo wan vnlod 
hv I''imiim)i ni.Milia, and that Him Innlnina wnin idvon nndor Hmir inihumoo 
and In llmlr tooMm.lMiy : tail lliM infornmii'H aonm to imply that llmm waa 
Hi.'U no imivrr.iitv Hmrn. In IlHlI llmvn ia an allualuii to a ai'liolar in 

Him ,|.'M hnim p. f.Y'.H «ml in iW (iiruUinH tJuinhvonalii )Molmi-il 

In Him mmitn’ii and iiidiohna. (Hir. vid. l. p. ’Jd.) 

ahoMi.t I'i'i taln Hint Hm Mnivniaily Imd itamiKiii Imlwton 1151) and IIHO. 
Mr Rmihdall liMlIoVrii that it ih-vnliipMil out of a mitnalii)n from 1 av a ni 
lit’.?, hut lliM avallahliHlnliidn not lll•nnl hnnii to jiiHllfyany Hunh dnlimtn 
i.lalMumiil. In HU f Hm iiiiiwiaity wna Hlvnii lo«al jiivifidinlion w iMimvor 
mum paviv waa a aidiolar or thn Hniviiiit nf a aoholiir. In Dili H wna 
imiorpmalMd hy Un.iry III. ‘\'ho (ndlnKinln ayHl. in I'omnmmiMil with tlm 
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coiii'fio for wltioli look ftmr yciH'K, ns funiiin^' IIm' nidiiiiii y i iiiiifK! 
of study fov nil stiuloulw, «nnl wo imiy vll|u■l';ll•n( llms.' wlm wm* 

foundfitioii of Rhii-toii (’olloj;*' »» I’-Jf'J : llo' iiioiii'y Inr litijlilitiji 

UnivovHily OoHoro wuh loft in liMll, ninl lor I'nllii-I in 

Tlio iiiiivomly wuh roi»i|'iu/.i'(l by liiiinoont !\’. in I'.IM', Iml il wmi not 
till 12!JI) tliiU tlio intiHliini 1 'i‘i‘oivoii tVoui llniiitai'i' N’lll. iii'uiiiuhicin lo 
tcnoli unywlkufo in ('liiiiiloniloiii. 

I wIkIi I could lu) cc|Utilly ('X|>li('il iilioul (!aiiil<i iii|;i>, Iml iiiirm Ininili ly 
itH oru'Iy lYionnlH HUii clmrtoi'ti wcii' huiiil. All llio nii iltiKVHl 
wcvo diviiltul into “ iitiliotui " iiminliiitt to t1t>’ t'l'U'* I'l I'iiili of lluiir 
HtudcnlK. '.L'hoio wuh u cimiitiiul roiul nl- <laiiil>ii<lt'o lioiwn n ilioiio lioiii 
noi'lh of titu Ti'oul iiiul tiiimu honi to lli>‘ xoutli of it, In n ilni|io- 
vuto JittlU luKliiiit Honio duya (unit |ilari' l>i<l\vi-rit thn two fool iotO', in llio 
QOiUHo of wliioh Uiii uuivoviiity n-coulu woif laniil. A niniilai ilitihirli- 

nuQc took pliUHi in 1II2U. Attain in liixl in of ilio |ii>]»i]ui 

dlHtui'baiiccH tlian ]>rovii](>nt llnouttlioul tlio liiijtitoin u lanli oi to\s nniin ii 
lu'oko into U. Mury'a dliurcli, Mci/.i'<| tlio niiivi'txity I’lii );!, aiot lonnl all 
the ohni'torH and doonim’nta (licK-iii ronlalnid, I imiailt, in inni iliijt, 
that Uiu tniivomly nlmroli wan lin n nnd l<>nt> aftni wanl i llm onllinny 
plnao of IniKinuHH nnd niculini' of Ilm univi’inlty. uial il. would tn i in Dial, 
tlio uiiivormty Iihh hIiII tlm littlit to inni it wln novin llioy iviinl, iinrl 
(npimvoiitly) lo havo llm nan of llm India of ••illn'r il nr of ti, |l<>nol.'ii 
Oliui'ch. Nor WUH tlicro unylliliiH niinnnnl in ihin, lor tlio iiloa ilmt llio 
uao of ft oiimoli Hliould ho cohllno<l In jrliitii.un Innrlioim in id' limit.. rn 
gi'owtli 5 worn fonnorly nolrd In the oliniH'In of luni;’ii and 'I’l iniiy, 

ftiul ftt llio lullor collditn no ntill Indd nnd l.nii.'d i . td. d in 

tlio oliftiid, wJioro tlliio Iho vmioua doitlanmti»in. nro Win n, 

finer tho uiUhronli of IIIHI, order wuh loaion-d ilm ]ilii'iih':i ot ili.. ti.wu 
woio (lonflaealod nnd boHtowed nii Ibo vlcn vliiiimdl.a in wh.a.i ih. v 
romained voatod till tlio i-olun of llviny VUI, To lld.i i.iiinia.nl m. iininr 
tlio fiiibHiajiuml irroHiHirlly of llni unlvornlly (uinl im in.lii.u.ilv .d tli.. i.twn) 
WUB Ifivtfoly duo. 

Tlio oriKitnil obnrtora iiavimt bi-on ibniljoynl, wo aio in 

thoir ftlmonco to roly on iilhimniia to Umni in irn dwonby nuilioilli.ui. 
Now it wiiH the oiwlom lit liolli miivoiallba lo iiolioit u i.m. wnl ..i ili. ir 
pi’Ivik'tfOH at tlio be{;inniiiK nf •'uoli itiijin (an oiiimh tnniiy -d v.bl. li ih. v 
ofton look ftdvnnliiKo to |{ui Uivn, oslondoil) and it In iimu,ii,i„ tbui i|,m 
dates lidvo (fivon maylm lliomi of llm mnowula of ..licinidi'liiiH. i., ubioh 
ftvo now loHt, At any raUi it woulil imom cortuin (bat lli« nnivi.n.llv 
oxmLeil in ita Ural h(ii({o, i.n. mi u Hoir-comililnlid and n-lf cov.-inlni' 
comminiity, boftmi laiH, uh mtvomi iiludontii rroin lM.ii.| niiKi.il-d in 
that year lo Iho univorally of Oiiinbrid|.;o ; niul il in nb ar it di.l n.d . slnt 
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Hliul.yiiif' it an Tliu iloKi'W’ of lnuilHilor <>£ tivLa wivn 

giv((n at tlm und of tliut (unirno, and tlin titla only iiuuiut that 

iti I li'J wlaii thn (laiiniiii of H. (Hlott o)ioiiail m;lioolii at Lluiii' luiw lu'ioiy 
III Itaiiuvi'll. It Willi at iuniio tiiim lliiin luitwi'Oii Diomi two daUiH tlial 
llio iiii[vonilt,v OK ilii lli'iil iilaao of I'xiHUiiutd. In ll2Uri tlinvo in lui 

lillnoioii to llui iiliiiuooiloi' of llin iniiviaulty in Hoiiio li'itul iiiiuiucilinaH 
(Ui'iionl ollli’ii, diirinii Ufin' ItoIlH lion. Ilf, Ntm. Ill) nii(l'.il). In 12211 
nl’tor iioiiio iliutiirliiui<'i>ii in I'arin, lloniy 111. invlioil .I'n'iinli HtiiilinilH to 
iiiiino mill iintllo lit Oxl'onl or (.)aia1ii‘i<i|{o, ami iioiiiii liiiijilni(lii (uiinn to 
(:mK)ii'l(l|i;i'. In I'.llU Monry III. itavn llio iinivia-nity jiiiiMiUotion ovoi’ 
Hill lain o1iiiiiii'!i of lowmiiiiiiM, in Itiril lio oxlomU’il it >«> avi to kIvo oxhUihIvo 
loaiil jiii'iiiiliolloii 111 all iiialli'ni (loimi'niiiiamiliolaiii, mill lltiiilly noiillnninl 
all itii liidiln in I'.llitl. t'l'h<»i(i )n'iviio|(i<ii woi-o ({ivon liy loltoni mid oiiiicit. 
ninitn, mid IIio lliot oliaili'V of wliloli wo now liiiow anylldna waa tliiil; 
idvi'ii ]iy I'ldwmd I. in 121)1.) Tlin oollofdulo iiynloni noiiniii'iniod with 
tlm i'oiindalion nC what wan alh'i wiirdn Known an J’oli'fliointii in or lioioro 
Ivini), Tlm nnlvi'udty wan rrcio|(niviod hy loltoiH ri'oin tlio liopn In 
lint in lain .lolm NXII. aavo It all llio i-i|di(« wliiidi worn or (loiild lio 
niijoyod li.v any unlvovnily In Olirintoiidoin. Uiidor tliomi Hwooidiin loniiH 
ill oiitalio il i<'>>'ni|itioii from llio jiiri'idlollon Imlli of tho liinlioji of lily and 
Mill mi'liliitilio|i of i 'iiidorlmry (ao ni'ltlod In llio Jlmiivvoll iiroaonn, ,1111(1). 

limit mi Him old moninilio nohonlii Honliiiiii'd to oxlol liy llm iddo of iho 
iinivoinil.v Ilf I'm ill, no llio I'ramiiiar noliooln, wlindi Imd oriniimlly utlriKitL’d 
iitmliiMlti lo < !iiinl>t'tdao and from wldoli llio imivorolty may Umniioro )»o 
naid to liavo ii|iiiini<, ooiilliiuod lo fXiMl lip lo llio tiixloonlli (iiinliiryi 
Tlii'iii worild i'»Min to imvo liomi Hourly a dozon iniiili ihiIiooIh in llio 
lldtliiMtilli n 111, my, oaoli nmlor mio nninlorp and all niidnv tlm iminirviiiion 
Ilf tlm im/////i/i » j/iowi.-n'.r. Tlilii nmolor of aloiimry wan aiipoinliid iiy tho 
mvlidouroti of I'lly, wliloh i.IrriiaMioiiH tlm viow Umt llm itK'nimy iioIuioIh 
wi'i'i oriidnidlv foKiHliil l»y tint oonvouliuU ohuvoli at Mly- Ha wiih ii 
lOi’tiiiiMi Ilf llio nil ivi'i oily and Inid a liodoll lo iiUoiid him, llm"|tlnnmi'iilii" 
Wi ll' of oi'iiiMM iitiliji'dl lo hill iinlliorityi 1ml limy wnro not iidniilUid iih 
ml■lMll•ml of til" iioiw'i..lly. l»ii»imlon Imlwoou llm nlmimiolti mid llm 
landoiit'i would i>om lo Imvo hoon dooiilod hy Uiii roitoiilii (who wmo tlm 
novmiiiii)! Ii'iily of Him imlvoii'lly) loihjoiit to an apia'al to llm olmncollor. 
Thi'iio woiM laid down hy lliinh Miilohiun Hm iiinlioii of Mly in l‘d7r>, 
who iIi mIiIm.I Hint Him olndmlti of llm ludvorHlly woro hi no way Hnhjndl lo 
till' nmiili’i of iiimuoiy. 

To till O' idoiiioip'ln Iho aiilvornity Kftvo llm dojiico of "iiiaHliir in 
t.iiainiom'." wIiloli l.••rv• ll ua a lioonn" lo liaoh Imlhi, and itavii tlm oovoLod 
j>ii'ilx of d.'iiiomi or mufihivi- (wltloli in iminiiimi Imimmnn wim Ki'imially 
iMiidi U'd d.iii. dmi, or fh) amliUhliiiKaiKliod llm oloi'K IVoin a umri! " hi;dn<;- 
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blio afciulont wna no a Hiilioallioyi himI tlirrclnr*! in {iii|iil 

ago. A biioliolor ooiilcl i>ot tnk« omhl mily (.I'lmli imilor 

special i’(!Hti'iQti(niK, iiutl prolwibly iMam|iiiM| a imailimi I'lnanly 


priosl.” To Kill thin dujfra) lli« f(loiiii'n'l liml »«'t ‘‘"l.v h' "h»!\v Ihiil Ii<i 
had stuclinil 1‘i'iwtiaii in thmn'iKiiial, lull U» itivo n itnu'lM-iil ili'iiiiiiiiitiiiijiiii 
of Ilia imilidioiuiy in llui nnadiiinloal |niii of hiii lut. i, who wa-i a 

follow of Kinif’H und rt’ipHlnu-y of tlio Uiiivoraily, lunl lunl for iiiiuiy .vniin 

boon CHquii'41 licdoll, litiii lofl ii oiiiiliiloto Mowiiiit of tin’ lln' 

univovHily about thoyoiu' IWM), luul from lliln wo IfUi ii llinl on tlo' iduiiii'n l 
proceeding to liin <lo|{r<;o --‘Hlioil nimll Um lliili-ll |iiii vjt,v for ovi i.v nni'ilrr 
in (iininor a hIuowiIo Hoy, wliom llio iniiairr in (Unmov I’lnill bot" ojimilyi' 
in the HoolyH, und tlm mindor In (Immor iilmll «lv" Ibo Moyii a Uinlo l«n 
hys Imliom', iiiui jinothn* (Indu l» liyni lliul provvdrtli Ih-' Umti' iiinl 
tlio I’ulniivi', oloiflnm, tfr nittiiuliit. And 11 mi« fudytlio Ilio Arli- In Ihui 
Faunllyo." Tlio iinivintiity inotiMulrd Mio now iimtili'i- in tnoinumr wIlli it 
pahtuiv, Hint iu u tornli', und Im wii>i (lion fno of i)i» lAi-i’i'i'ot of liln 
profcHHion. Tho ta>it dcitmo iiiitrunniinr waa aivt n in l/iith Tliliuli'i;ii'ii 
iii nut Hpoben of an iiiiyliunKoxoKpMonal, and I rm hi and {Kfoid 

ConfoiTcd Hiiiillur doiaoon, hut I do inti know of any irt^iod) of linoii. 

Two atlenipiti vrorn nmdo to I'ldaldirdi odn-r iiniv>-iiiliin> in I'lnidaud. 
Aflov Ibu violii ill .12)11 many iiiiidi'idn from ('tindiiiiti'o woiit to 
Novllliuiliitiiiii wlimo "'‘•'o jniind 1>.V olluaa IVioii llvruid. 'I'lioy 
ovcin oblained a liomimt from lloiiry III. l'l•illltilnliil|t ihom a nnliMidlv, 
but iiavini) In 12(M (akoti tlm uido of tlm Uamna in iho oivil wm, ilo y 
wore itniiieilialoly oidnrod (■> loliirn to llioir irn|in-iivi< nidvi’i>dli>">. 

A tnoni HoiliiUH alUinipl wait niado in I'lOl (?) wlmn maai'iuiKi uliiih ni i 
from Oxford ostnliliiihod llmuiKidvi'u l>y tlio tddo of tlio ituul i'lunioUio 
iiionntitei'y at Hlaniibnl; tlioro nmnn iiiiidontu from i'iiad>)iil);>< juini'd 
Ihoni, and iiovoral i!o)lt>;{i'ii iiixl India worn fiiundt'd, Tho nid\io«|{v ot 
Oxford in 1:11)5 indiiood Edward 111. to ini)iitn"’<i Ihia ail>'nij>li aiiil in 
liiil'i Oxford and CniiiliriilKn bimiid llinir irKriita '‘ni'Vm to li .o'li itiiv 
wlioro, as in a univuvnUy.oxoaiil at Oxford or Oandaiitno, n»i' lo ii><|.ii>av 
lod|{o lui lotdHniiitii roHaiila Unian who hud 'r•nnlll•'n^•'d' in aiiv oilo i 
town in Eii}{liind." An niilli lo thin I'ffool wioi nxio'tid (ill ab.oii ln;;,‘., 
when it waa alioliiilunl lo ilin winln'a of Homo who ■li:^<iii<l {•■ 

Ihu univiiriilly of liurliam whlult liiid Ium'ii foiiiidi'd tn iHiij, 

Wo eaii axpriDta llunni raaiiUii in ii (idnihir form IhU'i; 


in oxiHioncii lioloni tint your lUU) 1 IHi.,. . lynn 

Lopl prlviloi^oH uonfornal hy Dm aliitn I'JIH) lUM 1 

Foundation ot llriilcollonn IVftj ...lyi;-! lymi 

DoffiGoa omront ilirmigUoiit (Ihrmtoiiiloni ...I'JMJI lymi inin 
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ti> tlmli i>r all now-ii-dayH. Soino 

fiiw lntdlH’loi'H tlina j>voc»«mU *(1 U» tlie» Htuily ol; (;ivil law, 
liui; ili wii!{ in thnciry Uiub al) wnnt on ilrat blirougli 

U will liii Utiil Hill (lovoloiiiiidMl i>r llioiio lliri’o niiivia'iiitioH wiui 

voi'.v diiuilui'. 'I'liiii xvii!i imrily ilm* to llio fiuil that tlio ciirliiDil (loiuilitii- 
liiiii ami n'lmliilioiui of Oxfonl uml (JmiiliridKO ^y«vn (!ii])[di{ with iiliumiL 
iilaviah lliti'lil.v i'l'iiiii liioiid of riiriii, 'I'lio HiikIihIi rui'imul ono ti{ tho fonv 
iial.ii)iiii of llm rioiulty of in I'ltriH, iiiul until Uio Iiunili'iul yoiivit wiir 
htmlmilii of OxI'uiil ami t^unlniilKd lVoi|Uiiii(ly fivv iv i'lnv ydiini to 

I'urrt, Miitralioii hotwi'iai Oxfonl iiml (Itinibridiu’ conuiion in tlm 
Oilrlii'iitli I'l'Uluiy ami wan naic»uni/i'«l liy both miivovniliiui. 

U|i io llio lIrriii'iMulion Oxfonl wmi Uniwi'iiUliinruml niovn inllnonUal, 
liiilr iTtii'iit diitb'n lii-mn to tlunli (lint tlmiii witn lililn or mi dilToromio 
ill llio iiimiliora or ovuiinir.ntioii of tlio two. TIui luoiliioviil roimlivllon of 
Oxfonl I'l’itli'il cliii'lly on llio nnliolnvn tliut it in tlio fonrloontli 

('(niliiry, ami iluriiitt that nailuiy it wmi Uin foromimt luiivoroily in 
I'lm'iijio. Of iln )>ri'oj»im-mio Ihon itn itroat vvoiillli (lln roviiiiuon (ivii 
nvon now iiiovo than a Ihlnl unnilor tlmn tlioiio of Oiimhviilan) in an 
iuloi'iaitiiin and lint unph-iioiiiil Moiivi'iiir. In Urn llfloonlh iioiitury, with 
Dm I'loim of llm Hiif'lixli wnvn in i’'inni‘o. I'aiix vi';(aini'<l lla au]a'oniimy 
whilo Oxfoiil w’lin alniotii ih'iinrloil. 'I'lio nunilniia at Oaiuliriilgo lUil not 
llmitiialo no vIiiliiiiDy. 

'I'lio Ih'foi'inalioii wnn iilnionl wlmlly Dm work of OamhvitUd' ilivinon, 
Hilu'o llmii ('amliihlKo him Ih'imi viilhor Iho liuj^or of tlio Iwoi 'i'ho 
follnwiiin tulilo, wlihrh nlvon Dio miuihor of nlmlimln wlio took tlio 
hai'liolor ili'iiii'o ill llm yoina nimnllh'il, will oxoiiijilify lliiii, 



IMlI 

inw, 1 MUD 

Utbll 

ivtiii 1 iVfii) 1 iHiii) 1 -iHra) 

IHHIl 

Oxfonl 


'Jit 1 lit!) 

Ha 

1 1 1 

(11 a 

Diimht [ili!o 

l!il 

»7 1 IM'J 

oo| 

I'JI 1 Kilt 1 KI'J 1 niio 
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'I'ln* iiuiiiln io for Dxfor.l to lliriii mo Inlmn from Wooil’ii mhh, in Iho 
Anhiiioli'iiH Miinimm. 'rhoao for (InuihrhlKo to Hlfih from llio Hlouno mhh. 
ill llm Itiilinli Muhouim. (hio vvoiihl havo hu]i]iukoiI that llio niimliorn for 
tixfm.l ill llm ynairt HiKi, I7r.n mnl JHIIO ooiihl Imvti lii'oii oimlly iihcoi- 
taiim.l hut I liHvo ho-ii inmhlo to «Ht timm. 'I’ho mmilior of umhir- 
|j;>u>liiali'H in uny yonr iiftov liUMI may ho tiikon rouKhly an lioiiiK from 
four to llvii liiiioa Dm imiuhitr of Dioho nyIio took ihii D.A. t HlumhI 
liko to Imvo mhhnl Dm fum-HiioinUnK numltovrt for llm iinivoiHily of 
I'liiin, liut 1 ilo not know whoro limy »ru to Ihi founil. 
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blio quadriviuin, tlio courao for wliuili buolc Miiri> yonvn aii<l 
which inoludiM:! about iw inudi wmuirn nn wim In rMiiiKl in 
tliG pagoH of JJootliiiw and kidoniH, iinil limn Iti ( lin-hi-ry. Tim 
subtleties of tho Bclmlastio Umolngy iiinl Ingin, wliinli \vi<ni Mm 
favorite intolloetual purmiit of Mmso (rontiirini, nmy n.'i'iu (it nii 
dreary and Imrron, hut it is only just to n’ly Mmt Mioy ull'.tr.li'd 

an intellectual oxoroiso wliioh- (itlod iimii at a lalim Im 

dovolopo sehmeo, and woi’o cnriuliily a laiirlicil advaimn uti what 
hndlieou pniviouHly taught. Wo lauat alan ({i' o I ho ladmoliMon 
tlio credit of making tho Ihtimiiuai (.onguoii Imlh llosildi' and 
precise, 

We liavo now arrived at a litoo when Mm romillii id' A rah 
and Greek Hoionco hiioanm known in Miirn|iii. Tlio hiaiiny of 
Greek inathenniUcH has hnen ulroiidy diiiminaod ; I niiial, now 
tomperurily leave tln^ Huhjeot of naaliimal nail hi'inal h-!>, and 
trace the develo]nnent of the Aralnan aeimulii to I ha aanio dido ; 
and I nuiHt then ex|>liiin imw tlie Kohoolnion hiTaino anpialidotl 
with tho Arab and Greek hixi liooka, and Imw ihoir iidi’ndiiiN 
tioii alTeotud the progress of I'hiroiioan inidlmiiiatii'fi. 



CHAPTER IX. 


TUB MATHEMATICS OF THE AEABS. 


Suction L Jixlant of imtkmatics obtained fi'oni Qmk sources. 
Shotion 2. Jixtont of malhmalics oblainedfrom the (Ar^an) Hindoos. 
Sii-OTION 3. The development of niaihcmatics in Arabia. 

Tiiii Htoiy of Avabian luatboinatics* is known to us in its 
goiioral outlines, ljut wo aiij as yot unable to speak with cer- 
tainty on jimny of its details. It is however quite clear that 
while part of tlio early knowledge of the Arabs was derived 
from Gi'oolc sonreos, part was obtained from Hindoo works j 
and that it was on those foundations that Amb science was 
built, I will begin by considering in turn the extent of mntlje- 
inaticnl knowledge derived from these sources. 

* Tlio subject is clisoiTssed at longlU by Oautor, by Haukol, and by 
ICioinui in KuUuryeschichte des Orients unter den Ghali/ea, Vienna, 1877. 
'L'lio matiu'ials for this oliaptor aro largely derived from several articles by 
Ij, a. Hedillot and Fr. Woepoko, of wWcli the most important are 
Mut^riaux 2 )oitr servir u Vhistoire eompar^e des sciences matMinatiques 
ohez IcH (Irece cl lea Orientaux, by L. A. Scditlot, Paris, 18d6 — 9 and the 
following Ih’o articles by Fr. Woiqioko, Sur I'emploi dea ohiffres Indiens 
IHir lea vlrabes ; jVnr Vhistoire des sciences matMmatiques ohes lea Orienlanx 
(2 articles), Paris, 18(55; Sur Vintroduetion de Varithidtiqve Indien cn 
Occident, l\omo, 1859; and MSmoiresur lapivpagalion des cliiffrea Indiens, 
Paris, 18C8. 
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Extent ofnuithmmtics obiawedfiviii. (freak soinras. 

According to thoii* tnulltioim, in tlMnimidvi';i very iirnliHliln, 
tho Hoioufciiic knowl<Hlg«» of tlio Arabs wan at lirnt, lat iVnm 
tlio Grook docitorH who utUnded nl. Hiif-ilad. It in 

said that whon tho Aviihuin troiunHamra siitlh’il in lownn they 
hocanio aulijocb to diaoiiHoa whioh hiul hnnn iiiilciniwii fn tln-iii 
in th(3ir life in blio d«‘K(»rfc: tlio Htiidy of iiu-iliniiii' wini iJinn 
almost conliuod to tlioao (li'OJtks wIhj limtl iiatuial |iliihi;iiijihy, 
and many of tho liittor, oiiianiragod hy (hn t'aliplid, liolilnl nt 
lhigdud, l)anmHoiia, and other oitina, 'riaar Icmiwh'ilgn tiC all 
branohoH of loannng was farniiwo <(xli'ii}iivn iiiid arminili! l haii 
that of tho AraliH, and tho hauiliing of tlio yiniiig, an iiaa offtai 
happoiiod in siniiliii' (sihok, hoou Ihji iiiln timir liaiidn, Tho 

introduction of Europnan seinnoii was ivndt'ioil tho 

118 vuriouH Hiaall Gro<»k wjIiooIh oxialrd in tho omniti ioa tailijaot^ 
to the A.iuhs: t)i(<ro Imd for niniiy yoara hoon oiim at I'Moaiia 
among tho KoKkorian OliriKtiaOH, and Ihoro woio nlhoiii a(. 
Antioch, EmoHa, ami (naai at DainaHomi whioh had alway/i pn' 
Horvod tiio ImditioiiH and Hmiiooftho rosnlta of (jrroh loariiiiig, 

'I'lio Avalm mion roiuarkvil that Urn (iroohit nedod thoir 
nuidical scionco on tlio worka of 1 1 ippunaloa, Ariaiul lo, utid 
Galon; and blioHo laadtH worn traiiHlattid iidn Arahin by order 
of tlio caliph llaroini Al UaKoIdd ahmit ihn year HIXl. The 
translutioiiH oxuibal ho iniioh intoreat t hat Ida aiiei'ea iiir A I 
Mannm (Hill - -8lh‘l) Kont a oomniiaaion lo ( tiinalantiiin|de In 
obtain ciopias of as many Htdentillo wjirka aa wan j<n:iiiildi', white 
an oinbiiHsy for a Hiniihir |«iir|ioao waa alao aont to linlia. At 
tlio siiiaii timo a largo Htall'jd' Kyriau olerka waa eiigajjed wliuae 
duty it was to tramilatn tho works mo obiained into Aialde and 
Syriac. To diHarm fannlioiKin the«oelerkH wei'o al liii.l lemied 
tho caliph's dootors, hut in Kfil thoy \von» Ibriiied inlo a e.diege, 
and thoir moxt oololmitod iiumdior llniiein ibn lnhak wtiii 
mado its iirMt prasidonfc by tho oaii]th Al utawakkil (.S I7 Kdl). 
Homsin and liw hou iHlmk ibn .Ilomdii ivviaed all Ihe himahi 
tionB boibro thoy worn litially iMHiuid. NeiMmr (.f Ihem hoitw 
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iiui<!li iiiiii.lKnniiticH, tkud KdVdiul Muiulom witnt miuUt in khn 
svorkK ihfHUid on thitt Kidijock, bill; lUioUuu* indiubor of kho 
(!ollo/'<i 'rtiliik ilni Korm nluirUy publiHliod fnwli odikions which 
klMn'ritftiOi- ll(•('lUMo {.ho Hkiuidni'd toxlH. 

In Ihhi way hofoi-o klto <md of l.]iu ninth coukury tho Aval)a 
oliifuncd Iranalukiona of t.ho woi-Ich of I'hiolid, Ai’idiinnaloa, 
A]iollonina, I'l.oh'iny, and okhoi’H : and in Hoino ('iikoh klicKo 
odikliiua ai'o Iho only copioK of tho Ixtoka now oxtank, Ik ia 
onriniia aa indicating how ooniplotidy Diophankim had dropixal 
tiuk of nokicc that aa far an \V(> know U«o Aralw ^'ot no inanu- 
m'l’ipii ol Ilia j'roak work till Ifil) yonra lali»r, am! aftor khoy had 
indopondonily cfitahliahnd tho foiindatioim of <d/{('l)rji. 

Nuivjtt, of nmlfmmulir.s ohtaimid from. IHmlm sourcCH, 

Tilt' Aialia htul oonaidorabh« ooinnior(!(' wikli India, and 
a knowliiit^o of oni' or both of tho two {'real; ori|{inal Hindoo 
worka on aI{^ola'a had bmai thna obkaintal in klin oalipliako of 
A1 Maiamr (Vfi i 77h), lhou{'h it wim not until (Ifty or Hixky 
yoara lalcr tlial. limy attraolod niiioh atbmkion, Tlio ti]{.;olira 
and nritliniolia of tho Araba woro lar^idy founded on klioHO 
troatiia'ii, and I ihoroforo tlovolo tliia Hcolion ko kho ooimidom* 
lion of Hindoo inatlioniiitloa. 

'I'ho IliiidooH, liko tho OhinoHo, havu jmtloiuhid that khoy 
lira t'lio moat tinoiont pooplo on tho funt' of kho (‘arbh, and 
khai. lo lln'in idl imionoini own tlioir or(?ation, link it w(a)hl 
appear fioin idl r(taonb invoMtif{ittionH that bhomi prokouHiona 
havo no fonudalioii; and in faot no Koionen or iiKofnl art 
(j'xcopt. a vallior limbmtio aroldtisoturo ami minliitnro) can lin 
Iracnd hack lo Mn< inhiibllmitH of tho Indian imniiuada jirior 
lo iho Aryan invaaitm. 'ridu invaaion Hooma lo liiivo luic«in place 
at Himn! linio in klm hiUor half of tho liflh (lonknry, or in tho 
hInIIi canlairy aflor nhrial, whon a trila* of kho Aryana onkored 
Imlia by llu't norlh-woal, frontior and oatabliHhcil klioniHolvcH as 
riih'ia over a lai'{<o part of tho wiuntry. 'rinav dcHcemlanta, 
whori'ver khoy havo leapt tlioiv blood puro, may Hkill be rooog- 
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nizod by thoir wiijoviority <m)r fcho menu Limy ovifriimlty con. 

qxiorcd j Iml) Hko iho modorii IkimiKmuH limy I Llm ••liiniiln 

very trying, and gradually d«goiioml.<^d. l''iir tlm lir.'-l l.wm nr 
bhroQ ctiiiturios tlmy hnwovnr rotiunnd llmir iiilnllin t inil \ i;;nui' 
and produced one or two writoi-H (»f gi-nat iildlil.y. 

Tlio livHt of tlioHO iH Arya-Blmttiv, wlio livi-il ni I’altui, nnnm 
whoro about 530. Ho iw rmqunnLly quoted by llndiiiitiqiiptii, 
and in the ojnnlon of aoino connimnlaloiH Im nii'iilml alqobnim 
analy.sk The only work of his with wliinh wi' am ni i[iiaiiih'il 
is his jWyahhalhiyam wliinh coiihIsIh of llm nniiimialiniin nf 
variouH rulos and pmiiositlouH writlioi in voran. 't'lmm nrn 
no proofs, and tho Imiguiign is so olwmirn ninl l•Mlmilln llml. il 
long dofiod all nUbrts to translalo it, 'I'lm lionk in itividml inlu 
four parts: of thuso thmn urn dnvotnd to iiiiimiininy iuhI llm ido 
monlH of sphnriciil trigonoinntry ; tlm mniaiiiiiig |iini I'nnlniiiii 
tho oiuinoiatioim of 33 ruins in iinthnmtin, algidmi, ami plaim 
trigouomotry. In algohra vVrya Mhiitla giviai llm latiii of llm 
lirst, soeoiid, and third powors of tlm limt u. niiMiial iMiiiilmin ; 
the gonoral solution of a (|Uudi'nlio nijniilion; ami llm anliition 
in intogors of cortuiu iiidotnrminaU' ncpialioiia of I Im lli nl. ilngi'jit', 
In trigonometry ho gives a tahlo ornatnral aiima of tlm angh'ii 
in tho first quadiiint, pronnnditig by iniilti])ii'a of .'l'| , ili'iiiiiiq; 
a sino ns Clio soniioliord of douhio llm angh'. AHiaimioq that 
lor tho angle 3^}" tho sino is equal to llm I'irnulai' iimauiim, 
ho takes for its valiio 325, ui. tlm nniabri' of niiiiuli' i in tlm 
anglo, He tlien enunoiuloH a ndo whieh is imarly nniiiti'lli/dbli' 
but is probably tho equivalent <if tlm slalenmiit 

sin {n -h l)u - sin •««:-: sin rta-Hiii (a-- i) a • • ain /m itiim-e .i, 
whore a stands for 3'|“, and worlcing uilli Ihia formula ' In- 
ooiistriicts a tahlo of siiios, and liiially linda tim valim of hiu IHl 

* Tlio comiot foriaHla is 

sin (h |-1) tt'- sIiumiJiiiium^.Hln (h • 1) u -. I isn as i tii' Vo 
Arya-131iivtla thoroforo oonHiilerinl us itipiul t>i j.tr. 

2Hinft.4|-i- iiiu'Ju. 

Using liifl valuoB of sin a nnd sin a« (IiIh reihierH In I 1. 1 jq. 
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to 1)0 3438. This result ia correct if we take 3‘1416 as the 
value of TT, and it is interesting to note that this is the number 
ho does in aiiobhor place assign for it. There is no direct 
ovidonco that Arya-Bhatta was acquainted with the decimal 
system of numeration, and tliere is no trace in his work of 
any lomAvlodgo of it. Such geoinotricnl propositions as he 
gives live wrong. 

'.rhe Aryahhathiymi was published in Sanscrit by Kern at 
jiiiydon in 1874j but a French translation by Roclet of that 
part which deala with nlgebi-a and trigonometry was issued at 
Paris in 1H79. 

'.rhe next Hindoo writer of any note is Brahmagupta, who 
is said to havo boon bon\ in 598 and was probably alive about 
(100. , Ho WL’oto a work in verso entitled BrahnarS 2 yli/utarSid- 
dhanlat that is tho Sidclhatila or system of Brahma in astro- 
nomy. In tliis two clmptm-8 (chaps, xii. and xvii.) are devoted 
to nrithmotio, algebra and geometry; these were translated by 
H. (Jolobroolco and published at London in 1817. 

(I'lio avithmotio is entirely rhetorical. Most of tlie problems 
aro worked out by tho rule of thi'oc, and a largo pi'oportion of 
thoni arc on tho siibjcob of intei’ost 

ill! his algebra, ^vll^oh is also rlietorical, he works out the 
fmuliiuumtal propositions counoctod with an arithmetical pro- 
gronHU)u; solves n quadratic equation (but only gives tho positive 
vahu) to tho rtvdioal); and finds a solution in integers of several 
iiuletei'ininato oquations of the first degi'eo, using the same 
method us that now practised. Ho gives one indetorrainate 
equation of tho sucond degree, viz. ?w)*4-l = 2/“, and gives as 
its solution ai-- n) and y = (i® + n)/{i* - w), but doe,? 
not explain tho process by which ho arrives at it, Curiously 
enough tliis equation was sent by Pormat as a challenge 
to Wallis and liOrd Brounokor in the seventeenth century, 
and the latter found tho same solutions as Brahmagupta had 
previously dono. It is perhaps worth noticing that tho early 
algebraists, whothor Greeks, Hindoos, Arabs, or Italians,' drew 
no distinction between the problems whicli led to determinate 
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and those wluoh led to indotormmato i!<niii(.ioiiH, It only 
after the introduction of aynooiHittul ulgohra that iitUniijils wi-ro 
made (o givo gonoral fioIutioiiH of and tin* (liHiiiiiity 

of giving Hucli aolutiona of iudoioniiiniito oi|initioiiK odn'r limn 
those of the firal degmi liuH hid to tlioir ))i'jietieiil oxohision 
from (deinentary algohni. 

In goomotry BraliinagupUv provtul tlio pytlmgoicau in'(t|n'i ty 
of a vight-auglod triangle (hluc. I. ‘(7). J le gavti ox|intasioiiu hn’ 
tho area of a triangle and of a ((uadnliiloriii inumiljiilile in n 
oircle in boriuH of their huIoh: and Nhewinl (hat tlin area of a 
circle was equal to that of a riadiingle wlatso aiden were (lie 
radius and seiniperimoter. lie waa less HiieiieMifnl in hia 
attempt to reotify a cirole, and Ida resuit ia eqiuvateiif. to 
taking JlQ for Llio value of ir. llh also delerininefl Mio imr 
faco ami vohnne of a ])yrand<I and eoiie : |ii'ii1ilenm over wliieli 
AryaJlliatba had hiumlemi liadly. The next )iarl> of Ida 
geometry is almost ludntelligihle, hut it aeenui to lio an uIk 
tompt to hud oxpreHsionH for sovoral inagidtudeM eotiiMsiteil 
with a quadrilateral iiiHcrilaid in a eirele in teriiiM of ila aides. 
Most of tins is wrong. 

Ho concluded the oliapt(»r witli tim following <-el«’lnated 
problem, “Two anohoritoH ImsI at the top of a elill'ijf Imiglit /<, 
whoso base was distant vilt. from a neiglihouring village. ( hie 
doHCondfid tho clilT and walktid Ui tlm village, ( he ether Hew 
up a hoiglit IK and tlien How in a Htraiglil- line to the village. 
Tho distanoo travoiwal by each was the naiiie. Kind [ii." 
Ilrahmagupta gave the oorreot aiiawer, namely 

ttJ = ?«A/(w I- a). 

.It must not he suiiposed that in the original work all the 
propositions whioli deal with any ono subjeel, are eoileeted 
together, ami it is only for oimveidenee lhal. I liave l.ried to 
arrange them in that way. It Is imimssihle to say whedier 
tho-whelo of Bralimaguiita’s rosulta given almve are original. 
Ho was certainly aoquaiiihid witli Aryu-Jihatla'a work, for he 
reproduces the table of sines there given, 1ml; lliere aemns 
no reason to doubt that tlio bulk of the algelira and arilh- 
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hi origiiml ; Uio on/'iii. of tho goonuitry \h moro 
iloiililful. 

'I'o iiialin t'liiK lU'tMiuiib of lliiiiloo oouiploko 1 

may IVnm i;liroiio)ci^ioiil aiTaii/{<mi<ml;, mu] Hay that) 

lli(< rtiiiiaiiiio^^' ; 4 r<'a( Iniliah iiiallioiualitiiaii waa Bluiskava wlm 
waa lao'ii ill 1111. llo would rioniii lo liavn liaiiu l;lui kIn’IIi 
ill min'i'aaimi iVoiii llralimaj'uida uh Imad oi' an iiidi'onoiniaal 
(iliHiTvalovy al Oiidjoiii. Iln wi'oin an iiKh'onnmy of wliiali 
only r<aii‘ o)ui|ili'rH liavo licnn t.raiiHlarod, Ol' llmao ouo l.orinial 
lAluvnll ill on arillimolio : iliia wua I.i'anMlal.od liy >). I'liylor, 
lloiiiliay, IHlli; and niao l>y 11. (Jololivooko, Unulon, IW17. A 
Honoiid li'liiird /Iji/ti ijuniln In on al|'i*l»m; HiIh wuh U'aiiHlati'il 
hy I'J. Hl.i'milioy, liondoM, iHlIl; and alao i>y II. ( lololiroolco, 

I. onilon, IHIV. 'I'lio third and iour(h aro on mih'ononiy and 
lln' M|dii’ri'i IIk'i'i' worn I'ditod hy 1 j. Wilhinuon, (Jtdanlln, 1812. 
Tliiii work vvim I hollovo luiown lo (Im Aralw aliiioat an Hooii 
iia it. wan wi'lKmi and Inihioncual l-lmir md)WH|iianl) wi'itin^H, 
tilioii|[li l-lioy hiili’d lo ulili/.o or oxiond moat, of ilia iliHOovaviaH 
aonlaini'd in il.. 'I'ho roaulla lliim iHTHina imliraally known In 
tim Waal, lial'orii ilia and of ilia l.walfih aantiiry, ImL ilia laxt; 
ilHi'ir wiia no! iiilrodtiaad into I'hiropo till within raiioiit Liinas. 

Tha livuliiia iti in varaa, lail. Iliara lira oxjilunalory iiotOH 
ill proaa. It in not alaar whalln-r it In original nr wliailiar it 
ia iiioraly an l■xpoMi^ioll of tha raimlta than known in Indiii; 
imi in liny aaaa it ia moat prohiihla tliiili llliiiakiira wan iia- 
i{iiiiintad with ilia Anih worloi whiah had haan writtan in tha 
laiilh and idavaiilh aantiii-ian, nml with tho j-amiU.4 of (Iraalc 
nmihaiimli.'ii an ImnamiHad throUKh Aruhian noiirnan. Tha 
iil)'ahi'ii ill iiyiiaiundad and iiIiiiomI. nymholia, whiali nuirlca a 
f.'raiii ndvanaa nvar that of Ih’uhnuifi'nptu and oi tha Avidm, 
'I'lia gaiiioalry in tdao miparior to that of Ih'idiniaj^uida, Imt 
Ihia ia Iipiiiiraiilly dim lo lha knowladj^aor vimoiia (Iraalc woi’ka 
iihlniin d lliroii!.'h (lio .Vnilm. 

'fha liiiil haul; or Lifurtit! aoniiiiaiiraH witli a Halnliition 

II . tlm M"d ni wi:.doiM. Tha Htiuanil iiiTiinf'oiiiant of tho work 
limy hajjaihaivd IVom Urn I’ollowinK tnhia nf amitanta. Syatanm 
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of weights nml immHUim Next mnnt'mli.m, hi ii.lly 

(IcsQi’ibod, Thon tho oiglit opnvjitlons of /iritliiimlic, vi/., mi- 
(lition, aubbmobion,imiliiipli(!ath»u, divitiitMi, Ki|ii(irn, i^itlu-, mjiiurn 

root, and cuho-i'oofc. Kodiustioii of tViiel.ioiiN In n 

(lononiinato)*, fmctioiw of fmokhniH, iiiixcd MtiiiiliniH, ami l,|in 
eight rules applied to fniotionn. Tlio “nih'a nf i'i|.lini'”; viz,, 
rt=tO~r(, 0 “^(), JO-A), a-: 0. vj. Tim aoliilinM nf aniim 
simplo (.‘(pmtioim wlihih aro hero (.r4‘itt)‘d mi i|ii[>sl.iniia of arith- 
motio. Tho rule of falHo postlioin Himiillaimiaia ei|iinl i.aui nf 
tho first dogriM) with applIeatioiiH. Holiifinn nl‘ a low >]iiaiInt|jo 
oqiiabioiis. lliilo of throe, and ooinjiomid ntia nf (hioo with 
various oastis. IntoroHt, diHooiml;, and imn‘hi|i, Tiini' of 
lining a cistorii l»y Hovoral fomiliuijH (a ]U)mtiiMl iiialior In tlinxo 

wlio used tlm olopHydra). .Harter. .Aritliiimlioal 

and BuniH ol squarea and onliea. (leoinoLrioal lungri'iminiia, 
ProbhmiH on trianglea and ipunlrilatorula, /Vpiunximalu vatmi 
ofir. Hoino krigonotmitrloal forinuho. (Innlmil.-Md' anlidii. In„ 
dotoriuiuato oquationa of tho Hrat degree. l.iiHlty tlin Imnlf 
oiuls with a fow (piostioiiH on oomhinatiniui. 

■Lo sum tho niiittor up hriolly it itmy lie said iJnit Ihn 
IMmUi gives tho rnloH now onrroiit for addition, m.hlrnolion, 
inultiphoatiou, aud divimon, as woll as Die ninm eoiaiiion pm- 
ocssos in (iritJunotio : whllo tho greater pai’t nf Dm wnrk in 
taken up with tho ilmenHaiou of tho rulo of three, wliieli U 
divided into diroct and invom., ainiple and eniupnuiid. and in 
used to solvo miinorouH iiuestiouH ohielly m. iniMieat ami ex- 

ohango-the inunorical ipioationH lining expreiemd in tlie diadinal 
systoin of notation. 


Bhaskam was colohrated ns an aalrolnger m. leim than »,( a 
nmthojnatioiau. Tin loarnt hy this art that tlm nvent nf Inn 
( laughter Lilavati marrying would ho falal In hinmelf. ||o 
thoroforo doehimd to allow hor to leave hie pivsenee; l.ut hy 
wny ofeonsolatu.il, ho not only oalh-d Dm lirei |,„nk uf hie 

thofm^ r' ’’"J l’"*!"’"****’^'* iiiu prnl.lems i,. 

thofoim oEjpicstioimadd«^ tohor. Ii’orexuiupLi “Imvely 

mul dear Lilavati, whoso oyes aro like a fawn’s, tell i,m wlJi, 



BIIASKAUA. 


U1 

aio lliK iiiiinliiM'H romilUn;' ri'oin mnUI|*l<!(l Ity lU'l rf tluiu 
lid iiliilldil ill iiuilliplidul-ioii, wlioMiin- liy wlinlo nr hy jiarlH, 
wlidUinr liy iliviaiiiii nr l.y i<i<iMini(,ioii of tidl tun irnsjii- 

ditiiiu ilaiiiHdl wlml, iu l.iio i|uol.iiml. of Um |»nHhu)i wlmii (livuliul 
liy dm uiiiim iiuill>i|ilinr7 " 

'I'liiu iu lim I'lirlu-Hl. Ivoowu work wlildi noiitiiiim a Hyutn- 
nmiin nx|iniiiUuii til' dm tlimiiniil uyulom of iiiiiiuu'iitiou. Il; ik 
iiiilncil iilimiMl. <!nrliiiii ilml. itriihiiiii<(u|ilii wmi iu'(|imiiiLiMl wiLli 
il., nml wn know lliul. il, wim in iiso in India in dai ynur (iti'J, 
|jiu(> ill ill liiu ril'n liiim; loH, in MliiuiUnra’K lu'ithiiinliii wn luiint 
witli fill' iiniliin nr iiidiim nunmrulii nin) a m/^n for znrn iih 
of II writ ivi'nj,'ni/nl nolalnui. II. in inipimtiil'in nl, iiivHniit to 

(rtmn llmiin min I'nrilmr liimk l-lmn (lioHovniilh nniiLury, buf 

it ill [irnliiililn Hull, limy iiro itl. Um oulHuln not nlilur Hum tlm 
unnniiil or ( liinl ni'iil nry nil or I 'liriul, nni) l.lii'i'n h uniun tn'iilnuon 
to tilmw llinl. Ilm Aryiuin itbtnhiod llu'in in flm lirat iimtimiio 
rroiii 'I'liiliol. 'rim itiilijoul, in Imwovor oim* of ^rnit ilillldulty, 
mill I only K'''" “Imvo im wlinl, HonniH to nm niimt jU’obuiilo. 
it liiui Im'oii tiiigf(oiiio*( iliiit llio nyiiilioltt for tlin llrwl niini 
Jiiinilu'i'M worn ori;»inully Ibrimnl liy ilrnwioj' an iimny viii’LiuivI 
or lioi'i/oiiliil iitrolco.'i nil llmro nro in llio uiiinlidr rnjiroHniitiul 
in Uin Jiiniiimr iilmwn I donj»'dl.nr«lly niM iloLtuil liiiuH 

to iimlio Ilm wriliuK I'lirnlvo. II. will !h' notiudii tlmt Uiu 



C €Z 



iiyiiiiiolii for iiovon, oi^lil, lonl iiiim urn, if writtuu rii|iiilly, 
iiliiiinl. hiiliiilioKuiiilinltln: nml ililn inny imuoimt for tlm iiitrn- 
iliml ion of ollior riyniboln for mivoii nml nlno. Tlin nun nutnnlly 
nilojiloil for hovoii iiroiirn in Ilm Knun iniut iiiNiirijiliouH in 
imliii, oil'd. ilOll 11,0., nml In nnmi. of Ilm Ilhuloo uyutuiim of 
n Inlor linlo, llo' nvinbol Ibr nitm miiy Im ilniivoil from tiint 
for ut'von by Dm ikIiIIMoii of two iili'okon. Tliiu oimji'oturn 
iu iii;^ouioiiu, bnt.l mil imt uwnro of any liiKtnriditl liuHin 
for it. 
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I iiiiiyiulil hm-n llmf- lln- umlili-iiifi iti (li.' ln>liHti wnvUu ^iv,. 
ii gi'fiiit (It'ul of iiilwstiiiK iiilunimlinn uliniit tln< .iu.-iui and 
(uioiitnnui condition of Minniiinli-y in \sliiidi Jliry \vii||,.|i 
TIiuh himnkiiiji dit«iii«i»*!i mnno iin i|h< <.r,i||iv,>., 

iiml imtidnolally ivnmrlca llmt ii triiml.- -davi. u.'i> ■•.■ni'iallv 
Hniijiimcil lo 1)0 monl. viihmi.lo wIimi |r, y.-m/i .,|d. and aulmo. 
(jUdiilly to dooh'iiiio in vnlno in invon..' ]>r>>|>..i in ilj.-a-ai- 
tliiiH if wlion Hi yriirii old alio waa wmili ;i',! nialdnia, Ina- 
valuo whim 151), would Im i-t<)m>-M-Mi«d hy (HI M’!) , :;n noJilca'i 
It would iiii|M*ar timl, im n nuiHli uv. iat-o, a l.analo ul.ivr nl' ||; 
wiiH woi’Ui nlaml, H nxi-n wld.-li )iu<l w..il.. d i^,, v.-aivi, 
Tlio iuli-nmi olmiY'od l-r inoiioy in India \,nir,\ iVum Ml hi 

filioi'coul. [mr mnntli. A nihm' daht (Inn. j,d\no will 

Itu I'ouiid lla* prion nl' lu-nviaiuini und lid.iuii’, 

'Uio clitiplor (1‘riund ./.luiV.i nMniiin-tn-. a o ii)i a iiiin(niit!(. 
HO iiiKCidimidv IVanird tlmi il. n.in 1... imd aa ih.> ormnninlinn 

oitliov of a u idiil.n..j.Iii.-a! ,.v ii iiiiit Inaiml i.'.il (ntlJn 

MliUHiciii'a ah.or idludint' In Ida I.Uaiutd nr at it linn i in r.inii n \ ||,(f 

ho intcnda in thin l.imh lo pvnc I i,, i],,. ^;nn.-nd ..ii.-i„finMa nl' 

aualyain. Tho uhai of ihn nniuiino ia I'nllnw ., Aldwnvin. 
tiojiH and iiiilJiiht uro niu-d lor ttvinl.nlfi; i.nl.ii intiMii h, indimiinit 
hy a dot; additinii l.y juxhi|H.:.iti<.n inmnly ; Imi mh i.ynd-nla 
avo iiHitd lor innlti|iltni(lino, ni|niili(v. ..r iii.’.jimlli v, fin- .n Imiiijf 
wnllon at loiiKth. A prodimi. i,, dnimind l.v itn- lli u ..ylliddn 
of lh(i word Huhjoinnd l.. tho I'unl.uu, In-lwn-’n, whi.l. n dm ia 
HOiutitiiiicn phumd. In n .iii„i|ni,i rm.iiMii il,.. divin.r i, 

writlnii uiidor tho divhlnnd wiilinol n linn - np 'i'l,.. 

two Hidna of nii iu|iiiitinn ,uo wrid.m .mn iiinln. U.n ..(|aa. 
COIllllHKUl lining pn-vonlnd hy III), ivniht! h. word:, of all 111,' 
Htopa whirli an-onipiiny Iho i.p.-raiion, V.uI..mu aMnh.dn h.,- 
tho unknown ipmntiiy aic unod. l.m ..r' Ham. am fhn 

imtmlH nl iiamoH ol‘ .mlMuivi, and H,,, vv..,d .mioni ia 

aHHynoiiyitumHwj|.)iu„|tno\vn inmnlil-v; iia Nan u iii .a,.MMd.m( 

«1ho HiHuillaa a lotlor. ».«| |„u,.,,. .,m 

rom tin. alplmhol. nr f.,„„ ,l„. „„,ial M llahln . ..i aohj.-.m. m 
t!m prol.limi. In nun nr two w.mm nyndmla a..^ i.-.ad 1.., Ila 
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j'ivi'M lut wi'll im fo>' Dm uiikimwii jjuimUliu^H. Tho iiiitialH ol! 
Llm wnrtln linutu'u uiul ilruoLo tlmmuiond iiiul tliinl jmwt'i'H, 
anti lilt' iniliiil HylliiUln nf Hi|UiU'n rtwdi iimi'kK a nurd. I’nly- 
nitiiiiiiln m-n iiri'aiigt'il in Um altsnhito tpiniiLity lailiig 

iilwiiyn |ilaiaal liiat, and dinl.iii^inali(;d by an iullial ayllahln do- 
niilin;^ hntiwn iiniinlily. Mtiat iil’ tlin <'t|Uii(t()na liiivo iunimrioal 
inii nioiiinla aiitl Ibn anHlit-innl. in nlwaya wriUnii iit'Ua' llin uu- 
Icunwii i|iianUly. l’t»aiUvo nr int/fiitlvn Utrnm am indiKcriini- 
imlnly ulliiwtal (cMiinnn I'nul.; uml ovary powor ia rttjanitod on 
lintli iiitit'ii 111' an oiinal-inut wiUt a /orn for Ibo ooitnittitnib, wluin 
\vanl<'i|, Ariin' oxidainin;' bia unlaDoii lllutHlciira ({ooh on Lo 
^ivtt Uio riiltat 1(11' addiiinn, aublraol'inii, niidU|i)inil'ii)n, diviaiou, 
HUnarinK. and oxlraidiiif? Ibn ainiarn rnt*l/ of iil/^obruiaid ox- 
[iroiiaionii; In' t intn ^ivi'ii llm ndi-a lor tin' «!i]ilii‘r an in tlni 
liolvt'it a fi'W l•lllm^^^^na; and lanlly oniiiiludoH with 
Honin o|Miraliona on aiirda, 

( iMii'r fliai'l ora on al^nbrn, trlKonomi'try, and j^ooniotrioiil up- 
plinalbmit osiiil, and fra/'inonlH of l.lmm laivt' botai IraiiHlaUid by 

( lololiroi'bo. llin I nKononn'liioal b*rmidn' la i>un wlibih 

ia nipdv iib'iit lo Ibn fi|iuillnn i/{u\nO) onn/K^W (Ibilainbroi !■ 

■Hid). 

I barn dopiirlnd iVoin Mn* obrnnnln|<it!id ordtn' in tri'iithif^ 
licni of llliaitbnra, bill, mi bo wuh ibo mdy roiuidnin^ lliinbio 
Avritor of any oininonoi*, 1 IboitKbt it la'.ttor to uiantlon iiba at 
tlin aaiiin liiiio an I waa tlliinnaainK bin nnn]iat.rinlH. It iiniHl 
bowi'vt'i’ iin ronifinbnrtal ibat bo Ibniriabod Hubampn'iitly to nil 
Ibn Arab inalbi'iiiiilioiiiua ittmablorotl in lliti ni'Xt Kiailbm. 'I'lio 
wnrka with wliinli Ibo Araba Ural, bt-oamn ufiiuaintnd worn 
(lioan of Arya Mbatfa and Ib'iibinnKMiila, and it ia doubtFid if 
llinv I'vi'i' inailn iiiucli uim of liio f^roiit troatiKn nf lUuialcara. 

'll. in j.r.ibidiln ihat iillontiou waa wdbal to tlin worl<H of 
ibn lii'iit two of Ibi'ao writora by till' fiii't Ibat ibn Ai’idiH lubiptod 
Ibn Indian nynloin of antlininlin, ami worn tbua b‘d to look, at 
Lbn mHibniiialb’id loxt biinliH uE tlio lliitdiioa. Tho Anil iH laid 
aUvayii lanl nnnniib'rabli' ooinuionio with India, and with tbn 
oHiubliHliinniit t'f Iboir oiiiiiiro Lbu amount of Inido naturally 



m 


Till-: MATIIKMATMJS or Till: AIIAMS. 

inci’ouHotl. Thoy Mien, div. 7011. luiiii.I lli.- riiii<lM<i 

liO/'illlliUK t«» IIKII tlin HViiteiii nf nniiifial imi willi w lii. li \vi« n,.,, 
i'aiiiilifii' iind iulo|ili'<] i(. ill. Tlii’i itiiiiii ilixfi' iircriiimiri^ 

<)£ it wuH iHiuIn Mil* eiisner lui lliey liuil Ili-.'lii.n nf M-i.'nrii nv 

litiivaliii'a wHUnn in iitinMuT ayaleiii, (tml if iu ilnulifi'nl u-|ii'|.|||)|- 
at tlial; tiinn Mii'y |M»i!ii‘.'i!(r«l iiiiy Iml (In' nio .i |>i imit i\ << 
of luilal-ion Tor expi'i'iiaiii^' iiUMiiicrii. 'I'lm iMi lji it <lt<iiiii|.. 
wliidll I fan fne tlie iiiio in Aral'in nf lli>< ili riiufil i;v.->lniii 
of iiuinm-al.iim is 77:i. In tlint year j.niiu- hiiliiin n irr.inniiiit'Hl 
ta1il<\H vvf'i'o ln'iiu;'lii. ill Huj'ilin), ninl if ia iiltnnra rnii.iin ditii in 
tlifJHo imliaii nuniemla (ini<Iniliin( a .'<Tn) 

Tlid dinuihpmvHl of iiuitiii-oiiih'rn in .\r>il‘t\i. 

Til Ilia ji)wi'«lin;[ lin-lion-i of llii-t eliu|>lri’ j Imvn iii<li{'a(«>il 
Mill two nmim-a Irmn wlin-li iln. Arali.i ili-i iin.l tln ir Kiinwlnl^ii. 

of iiiaMioiitalbi, iiinl hIcHi-Ii. iI nut i.iin-liU' ili- i.f l.iiow.. 

liiilgo oliiajnnil iVoiu nirli. W.- may tittm il.n nmihii. „j, ],y 
Haying that liefuin (ln< mnl nf ti.i' .. uiiiiv rlu- Aiatin 

Wliro III liUHHrmiion Ilf II. i'ihmI imnn’ii.'al tint.itmn, nml nf 
.Hralnimf{Ui»lii’H work «m iirillimnim nml )„.|‘.iri- 

till) 011(1 of Mm hiiitli ei'iiliii'y llo'y ii'''|Maiitli’i| ivitli |||i< 

lHllStlll’|li00OH nf (Jivnlc nilitlii'limljn in j,;. in, ..'ll, mi, 'M, 

anil aHti'iiminiy, I Imvn nmv In wlmi u'i<> ilmv iiiaiin 

of tliOHO iimtoimhi, 

llio iimfc ami in xnnn* ihn iniof itlmihinm, ni' tim 

Amliiaii luiiMioiiiiiMoiiinii wim .l/m lij. fUi- 

Al-KUwftrlzml. TIioim in nn I'MiurnMn <>• uhinK 

of tliDHo immoH in Mm nm. l.y wliipJi Im j,. r., I,. Kmnvn; ihn 

hint of Mum. rofoin h. |.lm |,|,n,. xvhm.. Im a,.-. I i.. 

niiiJtloii wiMi Wliii.h Im whh I.o.,I. Iiimxvii. ami | nn, int.l i|,a( (i, 

IH tllO aim liy \vl,i,.|, hn xynnhl Imv,. mnmllv I a., a,.mn|. 

hiH (lontomiKimrlrn. I ulmlt Mmrrfn,.. ...f.-, j., ,i„.; 

naino; and ulmll ulfin K.mmiilly mln|.| il,.. , ,jH.mlin/. litt. ., 
to doHiKuaUi Mm ntlmr Arnliliinmulimnmti. i,.n- I nfil vmrlv 
tliiH W.IH almohlHlwnyn wrill.m in Momm.,,.,.. fn.m AlkuiJm.ii, 
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ami tliiH way j)C Kjn^lling ifc ih iiuiornuit, ib has boon 

HumiliiniKMl by an many wrilnii'K bliab T aball inulca uko of it. 
\Vn IniDW milbiii}.' of jUkariami’a lif(> c'X(U!}>t Lluiti hn was a 
iiat'ivo ol’ Klmniiamn, ami Hbrarinu of tlio oalijih /\1 Mannm; 
and that li(‘ arfimnianbal a miHHlon l,c» Affibaiiistan, ami ^JOHsibly 
camo lnml: llinjiiyli Imlin. On liia roturn, about HSl), lio wroto 
an alKobni wliinh la I'onmlod on Lliati of ilmbimif'unta, Imt 
ill wliioli Moino of tim proot'H rout on Urn Onuilc iimtlmd of 
roproHonlin}.' immla>va by linos: it was imlilisbad by Uoson, 
witb an l'lu|d''(li ti'aimlation, at I.ombm In 1H!U. HoKulna t-hia 
al^'i'ltni Mkiu'iami wroio an aaironoiiiy, ami a troatiso on avitli- 
mi'lii'. An ammymoun trmit Unniod Ahumhni dn wmm'o 
hidni'iim wliioli ia in l-lio nnlv«a-Hity library at llainiu'idKo is 
la'liovod to bo a Viulin tninHlainm of tlio laitov: it was pub- 
llHimd liy U. nomauiipaKhl at !lb*nm in lt<57. 

'I'lm al^^i'bra. <»{’ Alkaiianii lioblu a most imjioi'lant ))laoo in 
Mio liiiilovy of miitlmamlm^H, for wti may ««.V l’l"d' tlm Hulmoijiuint 
Araliian Imd all (Iio oarly luodlioval worka on algobiu worn 
I'uumli’d on il, Tlio work is tormod Ahji'hi' aw’ I vinknhahi; 
iil iiih\ fi'tiin wbioli llm wonl alKola-a is drrivoil, moans tliab 
auv llm saiiio inaj^niinilo may bo mldrd to or niilitraoU'd from 
iiotli sidoa of an oipiation ; a/ lankuluda moaiiH t!ui onmiiinaLiou 
of liko loriiia into a aluKlo iorm. Tho unknown (piantity is 
lonnod I'illioi- “Mio tliinK” or “Urn i-oot” (i.o. of a plant) and 
fi'iiin llm liitlrr pbraso our uso «»f tlm word roi»t an applind to 
llio Holnlion of an i!i|nation ia ilrrivod. Tim Hi[imrn of tlm 
unknown is rallrd "Urn isiwor." All tlm known iniauLiLios 
ai'o nnmbmii, 

'rim work is dividrd inlo llvo parts, In tlu' lirst Alkarismi 
^iv«•s, willmiil. any proofs, tlm nilrs for tlm Holnlion of iiiuidratio 
mpialimis, wld«0i Im divulra into aix rlasHos of Llm fovins 
/f.i!"' //.»’, o.ii'’ h.!' -a, fl, waj'-ta h^)^ and /aiM'O. 

llo only isitiHidiTM vral and jiosiliva roots, but Im r(! 0 ogiii/.<!H 
llm cxioloiiro of two roots, wliirh as far as wo km»w was imvov 
doim by Ibo (In-rlcH. It ia soumwliut ourbius that wlmn both 
roots ai'o posidvi! Im j^iuan'ally only iakra that root wliirli is 
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II Uti’SiM'iii'iy woi'IcM (rhoni ih no clttiii'diHiiiuiiiouhckwcuui 
l io aitit u1;{ol)ni, luiil wo ihul tint iiccouiit tiiul oxplinni' 
iii'ilJkiMi’di'iil pi'iioo'iai'ii iki.vimI upwilh iiI^ohiuotMl tvoiiUiil 
ol' ii. 1l> \viai iViiiii t<Itin hnolr Uinn lliiit ilio ItaliiinH 
iiiiMul ikiL niily ilio oF olKoIii'ii Itut alao of lui iii'iih- 
on (lu^ (li'iiiiiitti hvhIcih. TIiIk nritlinutlin wilh 
mwii iia iiliirii'lsiii, nr Uio uH, of Alkuriwni, wiiinh jmvvi’d 
ni'iiinli il. I'niiii Irlio itvltlintolio oF lloiil/liiiiH ; <uh 1 tlitH 
oiiaiiit'il ill uHr lill llio cKiilui'y. 

■ work I'oiiinii'iiin'tl liy AlltiiviHini wan ciu’I’MmI on l»y 
kin ICorva (uro p. Ill) lamt nii I{'iiitiiu in anil lUod 
wlio win olio of (lio iiHKit lii'ilHiiiil. anil niKionipliHlioil 
(I jii'oiluonl liy [ |ii< Ai’iilm. I la ihhiu'iI tfuiiHliitionH of 
il'woi'kn cij' I'kirliil, A)iiiltoniiia, Avoliitmiili'K, and I’lolaniy. 

» winla tiMVi'i'al orljcinal worUa. All ol! fhcao urn lonb willi 
^n|ilinn of a. I’ra/^iinnil. ol' ono on al}{(»ln‘a, whlali wmh luund 
Niilioiial l.ilinii'y in I’aria liy M. Srdiliol,; llila aonninl-H 
olmplor nil nnliin iti|iu»lionH, wliioli aro hoIvoiI l»y tlin aUl 
ni't-i'y in iioinawlinl. Ilio aaiuo way iw tlial. ;'ivi’n lalar (aim 

I. 

I' HiiliHi'nMi'Ut ilt'Volojimonl. oF alKoUni Haoma lo hava liuon 
ipiil, lail. it n'limiucil ontivoly rln-lnriind. 'I'lio jiiolilitiim 
'liii'li llio Ai/ilin wi'i'o riHiai'Vmal worn iiltlior tlin Holiilioii 
iitioiia, jn'iililmin Irmlin^ to I'liunMoim, or )>r«HH'rtir« ol 
III. Ill llio liMliitiiin of i'i(nal.ii»nM tliay warn aiioai'MHful 
loh'i tiiiiinia |ii'olilaiim, I'Ul- I do not know of any aimo in 
an iiuli'li’i'niinnli' jinililoni wan aolvad Koiiarally. in liiii 
of iiiitiilil't'ii lln'y illM'ovi’j'ad axin'raHioua lor Ilia Huni of 
d, iir<'iinet, lliii 'l, anil luvirtli powaia of Ilia llaal n iiutuviil 
■la, Allthoiljaiull, wlut wan alivo in Mlnlotl tiuit it 
ji|ioi(»iililo lo nolvi* tlm aipniliou iJ» poHllivii 

»'H, 111' ill oilier wiinirt lliitl. lhi» Hiiin ol two onlian aim 
lie a atilie. Whi-tliev fkc piitof tin yfiw wiw aaauvuti), 
idlier, a.i i» iiinre likaly, it wan tim ivanlt of a wido iii- 

II, it ia now imjint«iildo to wty ! Inifc tlm fnot tknt lio 
Inti’ll Hiirh a thaiiiHMit will aami U) illuatmto Iho oxlra- 
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oi'tUimiy pvogiHjHH tlmy liiul fi«r In'Ut.i' Omii ii |;„|, „f 

jiropoHitioiiH. 

iSoino imitrovctimiiihi in iiotiilimi wcim ini loilncrd 

Huoh (i.g. iiH tin* intmcln<;|.ii»M nf u lino li. tu'|iiini(.' I Ik- nutn.-nilin' 

from tlu) (loiiomiiiiilor f)f II rnnition. llonriMi lini' 

HymliolH cKino ixi lio nimil iih n hviuIioI nf ilivj-;ii>n (nn' p, 
AlhOBflolii {!)H0 -l().‘{7) invoulcil Mio niln Itir h-slinj' l)jr rcmill'i 
of mldiUon liy “oiiHl.iiig oul. Mio nhini”; ntnl ,i hvulinn 

founildd on Uiafc of |)in)iliiiiilmi on |■^l^il>nlll rij'lil lunjlt'il Iri- 
angim Tim moHt prniniimiii, iilgolimifd of n hdiT diiin waji 
Alkai’kl («mi. 1000) wIioho woi-k on iil;{fliiii. nmlnininf' Mm 
gonoi'id Holntion of u onliio oi|in(|.ion, wim ]inli|iH|ii<il hy I«'. 
Woopcko iili :hinn in IHO.’I, nnd wliono In'iitiiu- on nriilinmlii! 
was ti’anHlatod into (loi-nmn In IH7H ).y I lorlilmini. 

Kvon wlmi’o ihft nmMmilH of Aml» nigolnii nm ipiiio g.im-iiil 

tlio applicafiouH am ronliimd in nil i<iiiii<!< lo proldi-imi 

and tho idgoOm Ihho aHlIinmtiml that it iinlilllmilt to livnt ihn 
fiulijoot'H iiinvi’fc. hVom tlioir hnoloi on nritlnimtin mid tVoni llin 

obHorvatloim Hftatloi-iul through vuriomi n ,. niiiv 

Hay that tlm inothodHiomd l.y iho Aral.:i for tim loitr I'lindotnonlnl 

jn'oooHHCH WM-ommlogouH to, hut inoro oninhro.m t Imn, t In.;:. 

in nso (hw chai.tov xi.) ; hut tlm |M-ohlnum to wid.-h tlm onhj.Tt 
wflH npplh-d wo Huuilar to (ho;<o glv.-n in nio.lorn l.o.'.lm 
and AVdi'o Holvwl hy wmilar iiudhodN, mmh u.i ruin o|' ihivn ,tn 

1 am not oonoorn.Hl wit.li tho Arahinn viowu of la 

Uiovahmof thoirohm-rvatioim, hut I lu.iyjui.t rmomh in pm..i 
mg tliut tho Amhn iioooptod (ho Iho.uy mi hii.l d.ovn l.v 
Hippai'olniH nnd I’tnlouiy, mid did not nmloriidlv alt,.,- or 

II /r\rn iV • * 


_ Liko 1,1m (hvoltH tho Arahn imvor uiinl trit/n„o„n/n/ vw.-ui 

m conimotmn with imtrmmmys hut thoy Mm'irinono 

nmtncul oxproHHioiiN whioh m-o ,mw ouriouf,. Thm;.. ..-niii to 
Irnvo l.m, thoinvoutlon of Alhatognl, horn ut |!;,iun in M77 

tlm numy diutinguiHliod Arahlim uHtroimmi.iH I In n. 

sciemo of Iho hIuv, (imhliKhod hy Ilogionmnlamm at, Nnrniiil.,.rg 
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ill I.n;i 7 ) mid ill ii Im dutiiviniimd liiH unj'li'n Ity "IIki sdini-ohonl 
of lAviiu' rim i.i*. l»y tlio Hiiitt of Um iiiij,d(i (tiilcin^' tlui 

nidiiiii viuiliiii’ 101 imUy). I li|ipm'iiliu.s iind l*ti)loiny, ili will lio 
ri‘iiiniiili(iri'd, Imd iiiitid tJio olionl, Alliii(.o^iu kiiioiih to havo 
lionii li^'imninl. nf tlio iifovlotm ini,i'(iilnol.iou of ainoH iiy Avyu- 
niiatta mid lli'nlimiiioitiin- Shortly al'liii* Ida dcatli Alhll^Jaili 
who ia lii’l.lnr kiiowii hm Ahill-Wafa (l)-(O intniiluai’d all 

liho |.i-i;'oii(iiiiol.ri«'id riiiioliouii, mid roiuitniclod talilca iil' tan* 
;^i‘iil.ii and rolmi|'i(nt!<. Mo wiiit onlolivatod iiol. only na tm 
aati'oMoiiior Imt mi oiio of tho iiumt diKtiiigiiiNlmd ^'oonintrioiiuiK 
of Ilia t.iuK', 

Tim Avaliii wrro itl. Ilint i‘outoiil; lo tako Mimlid and Apol< 
loniua for llicir toxt liouka In //rm/o/rv without attoniptin^' to 
(jiuuiiK'nt oil tlmiii, hut AlluiKon (horn ut .{hiaaora in !)H7 and 
died at itiii'o in ln;SK) immod in a oolloation of ]ii'oh!on)a 
MoiimtliiiiK Uko tho /hi/a of K.iiolid, wldoh was tniiialiitiiil liy 
Snlillot mid )inldiahod at I'liriH In IKIKl. homdi'H aiiimniuiUu'um 
on (ho doliiiil'iona of hluidid and on (.ho /Uiuui/i'hI )io idao wi'oto 
an wliioh ahowa (hal. ho waa a f'oonioti ioimi of lumnidov- 

ahlo |iii\vor; lliia waa iiuldiahod at Ihilo in IfiTtl, and Hiii'vod 
iia t.ho loiindai ioii for Ko|>lor'a tvi’iiliao. In it ho |j;ivoa, mnoiiKKt 
otltor Ihiiij^'i) a ^outnotrh'iil aolulion of tho jiruliloiu to (nid at 
what ]aiint of a ronravo mirror a ray from a j,dvitn point nniHt 
lio iiioidont MO an to lai rotlt*oti'd to miotlior j^iviai point. 
Anollior |;r“im’tririMn of aNliwlilly hiliu’duln waa Ahcl-al-golll 
(oii'o. 1 !(((•) who wroio on lunio- HtH'lioiis, and wan alao tho 
anllior of tlirco amail f(ooiimtiiral Iruota. 

! t waa nliortly aflor llio liiat of tho niathomatioimiK montinnial 
ahovo dial HhuHlmra, tho lliird ^roat Miudnu laiiMuanatioian, 
lloiiriahod : I Ina o in ovory roiiaon (.o holiovo that lio wuh fmailiar 
widi Ilio wiii'ka of dio Arah aoliool as doaorihod ahovr, and alao 
that Ida wi'il iiif;a worn at omro known in Arahia. 

'I'Ih' a rail Hohools t'oiiliniU'd to llouriHh to tho fift oonth 
oontiii'v. Ihit ihoy |irodiii*od no ollior nmthoniatiuian of any 
oxia'plioiiid j^oiiina, imr wiin tlioro any ^roal; iidvanoo on tho 
KiodiodH iiidioulod idiovo, mid it is mmiunwavy for nio to orowd 
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my pagos Avifch tlio iiainca ol' a lUUulMjr ol‘ wriUs's \v)n) ditl mdI, 

miitorially afloot the progreHS of tho Hciinmn in l')urM|m. 

I have not allmlcil to a htmiigo wliitdi Imii Imi'ii 

nccoptod by many writora, hut wliioh wnniia In nii' l.n bn iimsi, 
improbable. Acconling to tJiw theory Uh'I'o wm-o Iwo rival 
suhoolH of thought in Arabia, oiio o( wliieli ili'rivml ila iiiailm 

matics oiitiroly fwau (lm>lc Houvetw ami toil iiuinlu'ra by 

linoH, and the other from llimloo waurfa ami 

numborH l)y abatnust HymbolH- -eaiili diadaiiiing to itiakn any uiii' 
of the aublioribioa jirofnrml liy its rival. 

From this mpid slcetoh it will lai aeon Ibat I lie worlc oi l lio 
Arabs in arithmetic algtda'ii and tiigonnmotry waa ol a high 
order of excellence. Tlmy np|»rociated gumm'try and tin' appli- 
cations of geometry to aHlromiiiiy, but they did not exteinl the 
bounds of the Kcienco. U may also l>u luhleil that tlmy made 
no speoial j)rogiH)SH in atiiticH or optica or hydronlalicn, llioiigli 
there is abimdant ('videnct' lliat they Inul a thorough kiiowledgi’ 
of practical hydranliuH. 

Tho general impn'Kalon left on my mind ia l linl- tla’ Araim 
were quick to appreciate the work (d t)llmrit-- -iio(al*ly of tlio 
Greek inastoi’Haml <•£ tho two llindooH wliti proilmu'd nrigiaal 
work — l)iit like tluMumient Gldncrao and Mgyptiaiia tlmy wme 
unable to hyatematioally dovi'lopo a imbjcct to any I'oimidcraliio 
(3xtent. '.I'lieir hcIiooIh may he taken to linvo laalcil in ail 
for about GbO yenra, ami if the work [uudneed be niiaiiai'cil 
with tlmt uf Greek or modern Kuropran wril.i'ra it in u'l a 
wliole secund-mtu both in (pumtity and i|nality. 



( Jj lAlTOlt X. 


TIIK INTIKiniK.lTlON OK AIUIUAN MATJIEMATICAT. WOKKS 
INTO KllUOl»K 

I n till! Imil, uliiaiJltir Imfc ihm' I iUhouhmmI blio dovolopinont of 
|i)ui’npni»i iimtlu'iimtiaH t«> a ilatci wliiclii coit(!H])C)iu1h ron;^lily 
willi 111'! I'li'l ol' llu' "diirlc uml in tho Inst oliiiptov I 

(.I'lLci'il llu! hintury of t)n» inatlioiiiatlos ol* tiio lUndooH aiul 
Avaliii til till' Hiinio ilatn. two tn* tlu'oo conbuiiiiH that 

rollow lUul fiirm Ihn Hulijoot of Uiih (!liii]»tcn* iivo oliaviiotorizocl 
liV tlio iiitrodimlinii of (,1 h» Aiuhian inathomaticn) toxb-lioolcs 
Hiiil ol’ Ovook liiiiikH tlorivod (vou\ Arahimx tionrcus, and tho 
iiHHiniilaliim of llin now idoas iIiuh pi-ownitod. 

Ill wiiH Iniwnvov fi'oin Sjiain and iMvt from AvaViia that 
Aniliiiui nmtlinnialioH oiiiho woMtoni Knroim, 'I'lui Moovs 
iiiul oiitalilinlinil l liiiir rnlo in Hjiaiii in 717, and Iiy tlxi tnnth or 
olovoiidi I’oiiiiuvy hud ivUaiuo<l a liigli of oivilixntion, 

'I’hoOf^li tliolv iKilitioid roIaiioiiH with tho oalipliH at Jiagdad 
woi-o uniiiowlial. inifrioiidly, Uioy gavo a v<!ady woloomo to tho 
vviti'ku III' tlin groat Arahiaii iiial.hoinatioiinm. I'u tliiu way tiio 
Andi tnuinliiiioimor I'hirlid, AmhimmloH, Ttolniny, and ptirliapa 
of iitlior iJrook wriloi'H, higotlior with tho wovlca oC tho 
Araiiiaii iilgnlu-inulu, W4»v« I'lwl and ocnnmontoil on at tho tliroo 
gntid. Mnii’riHh imiviTHitifH or MohooU of (.iranada, Cordova, 
,uul Hovillo. 1 1 uoiuMN prolmhlo that bh(^M« works ropnisont the 
oviont Ilf MoiiriHli Uiavning, hub an all knowlodgo wan joalously 
Kuurdod IVoni any (ilirintianH, it i« iinpouHihUi to npoalc with 
corfaihty idtlior on Miih point or on that of tho tinio when tho 
Aridi IiiupIih wm-o lirnt inti'oilucod into Spnin. 

Tim i-iu'lirst MiiiiriKli wvitnr of whom I can find any nion- 
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tion is Gobor Ibu Aphla, who wns liorii al. Stivillo and died 
towimls lilio lattor part of tin; olovonLh aioil.ury iil. ( Viiddva, 
His worlcs wliiidi cloal oliitilly witli uHtroiioiiiy and (.I'if^MUMiiinl ry 
woi’o translated into Ijatiii hy (Jnmnl and inililiulK'd at, Nurnn- 
boi'g in 1553. U«> WMniiH to havo dlsoovi'i-ad tJin lliann'iii t hat 
tlio sinoH of lliu angloH of a Hplioneiil ti iaiiglM am |a'i))i<ii'l innal 
to tlio sines of the oppositi) sidi-s. 

Anotlior Arab of Jihoiit. llu» saino dale \va?« Av^siudiol*, 
wlio was living at Tidoilo in 1080. Hn Nn;{/.'i‘:.h'd l-liat tlin 
^danots moved in ollipsus, hut his roukiniiporai im wilb t.i-imiiilie 
intolomnco docHnod to argue about a Ktati'iiinnt wliieli u’aii 
contrary to tluit nuido by X’lolemy in llie Ahiiniii'st. 

During tho oourso of tlio twelfth contury tappina ol' i.Ini 
books used in Hpuiu worn olitained in wcaitprii (iliriatnitihnii, 
Tlu) Arsk Bte]> toM'ards procuriug a knosvh'dgo ipf /\ndp anil 
Moorisli Hoienoo was taken by an I'lngliuli monk Artollmx’d el’ 
Jlatli, who, disguised ns a Alolianinuslan Mi.udeiit, gel, Inlo 
Ooi'dova about 1120 ami obtained a copy of I'liielid’a IH^'iinrnh, 
This copy tmimlalud into Jjalin was the I’enmlatiuii of nil the 
editions known in Kurope till 1533. Hew ra|iidly a Iniuw 
lodge of the work sproad wet may jmlge wlien we meolli’i'l, 
that before tho end of tlie thirU«;ntli emdairy Uegi'i* Ihnspa 
was familiar with it, wliihi helbn* the elese of Hm fdiirleentli 
century the first live books formed part of tlm ivgiilar rntri’i- 
ouluin at some, if not ail, unlv<>rsiiieH. Adellinrd alan prpi< 
cured a copy of or cominoulnry on Alkuriami's work, whirh he 
lilcowiso transhitod into Viatin. 

During tho sitino century etimr Iraiislatiium of Ihe Arab 
text-books or commoiitari(}H (m them were el>hiined. Anningdl. 
bhnao wlio wore most iunueuliul in intiHtilimiiig MnuriHh Irani 
ing into ISumpo I must meutioii Abralmiu Bon Ezra. Urn 
Emi, wlio was born at Toledo in 1U|)7 and died at liume in 
11G7, was one of tho most distinguished .Jewiidi rabbin wlm 
had sottlod in Spain, for it must bo reeelleeted llmt (he ,Ii-wh 


* Scoliis lifo by RiiWi, olro, rojahiliul 
IhiUcliuo (li JHblio^rqJla for 1872. 


by llumieaipimei in Dm 
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wttnt mill ovim jirolfijiml liy tlm Mihuh <»u luuioual 

ol' llmiv iimilii'iil iilcil). Mi'niilrH xonio uHU’oimiiniiiil iabioH luul 
mi iml.vulnj'y, Mini Mzi’a wroln im arillminlii!, a nlmrt aimlywH 
(if wliliili Wilis ]mlilinli('«l hy (), 'riir«|ii(iiii in Liuuvlllii’s Jimi-nal 
fill' IHII. Ill lliin lHM*x|iliiihH tln» Ai'iili KyHi,oiu ii[ iimMiii'iilioii 
wit'll tiiiiiHiyiiilmlii mid a. /.nro, glvna tlio (uiidmiumtal pi'iaaiHHim 
<ii' iii'ii'linii'tiiii, mid tlm nila ni' iJirnti, 

AmiiUh'I' Mmn|ii‘mi wlin wish indiuiad l»y Llin |•(!^^u(nlioll 
of dm Amli nitlnmli( in )»n lo 'rnhuln wmi Goravd* who wiui 
hill'll iitr Ori'iimua in lll-l mid diod in t Ut7. Ilii trmiHlutod 
till' Audi odll'hm nt' dm lU imuji'ni, tlm wovIch nf Alliii/ou, mul 
t hr Wiii'lui I't' All'iindiimt, miotlis')' Arah whoao iimtm ia oiliurwiim 
uuhuiiwii III mi. 'I’lmi’o ran hi* iin dmdil. dial' dm vVrahio 
iiiinirnihi won' iiil nidnrial iMl.i> Sjuilu lc';(rdirr Nvilli l lm A J'ldilaii 
|i<\t liimisii, Iml dihi Imnalnl'ion o)' IMuloniy wliirli wun iiiiiilo in 
llilll I'liidaiim llm rarUrHl uiin of llimi lo wliioh wo can doll- 
iiiU'ly ]ioii>h tlrrm d ahm wrolo a nlioi'li Iri'nliao on algoriain 
wliloh I'Niata in iiimiui>rri)il. In llm Ihidloiiin l>il)i-m'y al Oxfovd. 

Atiiiili].( dir rMiitria|io|-ai'ir!UirUcl'ard wiih JollU IIlHpalohBiS, 
wlm svmi oiiMiiiidly a mhhl, hul. waa muivri'lod to l)hl'indiunty 
and hapd/rd iiiidrr dir naiiio Kivrn uhovn. Ilomado IrmiHla- 
doim of tirvri'id Artdi and MooriHli wiirita, ivnd alHo wiolo an 
alKoi'him whirh smididnx dir ruvIioHl oxainjili'H of iho oxlnmUon 
id' llm ii>|naro roota of innidinra hy da* aid nrdruliiialH, 

Tim tliivtnoniti conlnry In dialiMKuitdicd liy dm uaiurH of 

of l'h>ii, and Uo^^or nanoii, dm hVaiiid'ii'an monte of 

( ixford. 

Lomiivrdti /'VAmnnvi (i.o. liliiiH .Ihiiim'oii) waa Imi’a al Piaa 
in IlVi’i, Ilia i'aihrr Ihamcci wiia a nmrolmnt and nviih Kiml 
hy hilt I'rlhav towmiiiii'ii (n naili'ol tlm oimtoiii-lmuKU iit> Ihi^da 
in dmliioy. 'I'hrn* hrfiiiurdn wna cducahHl, and lu'ounm lie- 
i|miiniri! widi {)m Acahio ayHlriii of iiniimi'alion and with llm 
^ri'iil Ahih worh nu alHohni hy AlkariMiid whioli wiw doHorlliod 
in till* hint, rlnuilrr. It wmild Mcaiii that la'oiuirdo waa on- 

■■ Hi(' ili>iii<>nii|>it)od'» f lirWc a/ifri* lif tihvTurih ('rcj/iracif*, 
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trusted with some duties iu connection with the custom-house 
whicli required him to travel. He returned to Italy about 1200, 
and in 1202 pirblislied a work called Algebra el ahnuckahala 
(the title being taken from Allcarisrai’s work) but generally 
known as the Liber ahbaci. He there explains the Arabic 
system of numeration, and rejuarks on its great advantages 
over the Roman system. He tlien gives an account of algebra, 
and points out the convenience of using geometry to got rigid 
demonstrations of algebraical formula. He sohms a few quad- 
ratic equations, and states some methods for the solution of 
indeterminate equations; but all the algebra is rlietorical. 

This work is especially interesting since it had a wide 
oiroulation and practically introduced the use of the Araliic 
numerals into Olivistiau Europe. The language of T.ooiiardo 
implies that they were previously unknown to his aoiuilrymon } 
he says that having had to spend some years in .Ihirbary 
he there learnt the Arabic system which lie found nuioli 
more ooiivenieiit than that used iu Europe ; ho thoreforo 
published it “in order tliat the Latbi* raco might no longer 
. bo deficient in that knowledge.'’ Now Looiiavdo was very 
widely read, and had travelled in Grooco, Sicily, and Italy 5 
and there is therefore every presumption that the systom was 
not then iu general use in Europe. Within anotliuv thirty or 
forty years it was employed by merchants iu Italy by the 
side of tlio old system. Though Leonardo introducod it into 
commercial affairs, it is ]n’obablo that a knowledge of i.t as a 
method which was current in the East was prevlouHly nob uncom- 
mon, for the intercourse between Ohristians and MohammedauH 
was sufficiently close for each to learn Buinothiiig of tlie lan- 
guage and common practices of the other. Wo can also hardly 
suppose that tlie Italian merchants were ignorant of tlio method 
of keeping accounts used hy some of thoir best customei’s ; ami 
we must recollect too that there wore numerous (Jhi’isbiaiw 

* Doan Peacock says that the cavliost liuown use of Iho word llalians 
to dcBoribo the inhabitants of Italy occurs about the middle of the 
thii'teeutli eoutuvy. 
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whii iiiul (iHcaixid or liooii riitiHomrd iifUu' bsorviiig tlio Mohiuii- 
iiiodinm as slavns. 

'l.’lio miijoriliy of maUmiuaticdans iiuisl luvvo alrcaily kiunvii 
of llio sysl.oiu from Ma* works of .Ikiu l']/rn, (iorard, and .lolin 
llisi)id<'iiHis, lUil sliorfly idlor Llio apixiarancn of Loonardo’s 
hook .AI|)lionso of OasUlo (in llkht!) puhlislmd somo nslronomioul 
lahlfs foiindcsl on olisorvafions mado hi .Araliia, wliicli worn coni- 
pufod liy Arulw, and whinli worn oxprcssnd in .Arabio notation. 
yMplioimo'n (ahhui laid a wido oiroulation among mon of Hoionoo 
and worn largoly instriimonLal in lii'ingiiig thon(i uuinoralH into 
nnivonial uno among iimtlumiatioianH. By tlio oiid of Llio tluv- 
loontli anninry it was goimrully a.ssnmod tliat all miioiitilio inou 
wouhl iH'miipiaintiul with tlmsyatuin: thuH llogor BaooinvHting 
ill that i-ontiiry roiimmm'ndH tiio algorism (i.o. tlm aritlimotiii 
lonialoil on tim .Arab notation) as a .iimiimHary study for 
tlmologiaiis who ought ho nays “to alionnd in tlm powov of 
iHinihoriiig.” Wo may tlum iionsitlor tliat liy tlm yoar IDOO, 
or at tlm lati'st lliriO, tlioso ninimralH worn familiar both to 
imithiimatlaiana and to moi'ahanl;s. 

So great was l.oonardo’s roputation that tlio omporor 
I'Vedorhdi II. stopped at ,l*isa in Itillfi in ordm' to hohl a sort 
of inatliematieal toiirnaimmt i.o test .Boonardo’s skill of wliloli 
Im had heard siieli marvolloiis aoaoniits. This is tlm lirst timo 
tliHilr WO meet wildi an insiaimo nf timao eladlonges to solvo ])av-' 
limilar [iroblems whieli were so eomtimn in tlm sixtoeiitli and 
Hoveiiteenlli eentiirieii. The lirsi, (|iiestion iiropounded to Leo- 
nardo was 1.0 find a number of wliieli tlm iiipiaro when either 
ims’eieii’d or di'i'i'eaited by h wmild remain a S(|mm'. lloguvi* 
an uimwer, wliioli is isirriuit, namely •! 1/1 2. Tlm ni'xt (purstion 
wan lo limi by llm inetlnslH used in tlm tenth book olMOuelid a 
line wimso length ei slmuhl sat isfy tlm ei[iiation Ht'-I- 1 Oau'.itJO, 
I.enimi'do slmwed liy geiiiimti'y (hat tlm probloin was inipossibI(‘, 
lint lie gave an appruxiniato valtm of (Im root of this ei[uation. 
An anidytds of his method was puhlislmd in laouvitlo's rlmirnsl 
for iH.'di, The llih'd and last, ipiestimi was as follows. Tlireo 
men -.1, //, a, poMseiis a aitm of nmiii’y n, their shares being in 


It. 
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the ratio 3 ; 2 ; 1. A takes away a‘, keeps half of it, and deposits 
the remainder with J) ; B takes away y, keeps two-bhirds ot it, 
and deposits the remuinder with D ; 0 takes away all that is 
left, namely s, keeps five-sixths of it, and deposits the I’emamdei 
with B. This deposit with B is found to belong to A, 0 

in equal proportions. Find cr, y, and .. Leonardo shewed 
that the problem was indeterminate and gave as one solution 
u=47, z/ = 13. ^ = 1. His opponents failed to solve 

any of these questions. • n i i j. 

The chief work of Leonardo is the L^ber ahbaci alluded to 
above. He also wrote a geometry termed Practica geomdnm 
in which among other propositions and examples ^ tlm 
area of a triangle in terms of its sides: this was lasiied m 1220. 
He subsequently published a Libur quadvatorum dealing witli 
problems similar to the first of the questions propounded at tlio 
tournament, and a tract dealing with determinate algobraioal 
problems. The latter are all solved by the rule of false us- 
Bumption iu the inannor explained on p. 96. 

His works have been published in 2 volumes under the 
title SmiiA di Leonmdo Pismo by B. Boncompagni at Rome 
in 1867 ancU862, 

The emperor Frederick 11. who was born in 1194, auooooclocl 
to the throne in 1210, and died in 1260, was not only interested 
ill science, but did more than any other single man of this 
century to disseminato a knowledge of the works of the Aral) 
mathematicians in northern and western Europe. I have 
already mentioned that the presence of the Jews had hoeii 
tolerated in Spain on account of their medical skill and soion- 
tific knowledge : and as a matter of fact the titles of physician 
and algebraist* were for a long time nearly synonymous. The 
Jewish pliysicians were thus admirably fitted both to got copies 
of the Arab works, and to translate them. Eredoriok II. 
made use of this fact to engage a staff of learned Jews to 
translate the Arab works which lio obtained, though there is 

* Thus the reader may roeolleob that when in Don Quixote Oarasoo is 
woimcled an algehrista is Bummoned to bind up his wounds. 
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M doubt that he gaye his patronage to them the more roadily 
because it was singularly offensiTe te the pope with whom he 
was then engaged in a quarrel. At any rate by the end of the 
aurteenth century copies of Euclid, Archimedes, Apollonius, 
Ptolemy, and soma of the Arab works on algebra were obtuim 
able from this souroo, and by the end of the next century were 
not uncommon. Erom this time then we may say that the 

T . of tins century who can rank mtli 

Leonardo i^lioger Bacon* who was born near Ilcbester in 1214 
aud died at Oxford on Juno 11, 1294. lie was tl.e son. of royal! 
ists, most of whoso propoi-tjr bul boon oonflscatorl at the end of 
the oivil wavs. At an early ago ho was entered as a student at 
Uavrord, ana is said to Imvo takon ordors in 1233 In 1234 
ho romoved to Paris, tlion tho intellectmil capital of western 
Luropo, whore lie lived for some years devoting himself ospe- 
oia ly to languages and physios; and thoro ho spent ou books 
und exporiinents all tliat remained of Ins family property and 
lus savings He rofcurnod to Oxford at some time between 
1240 and 1250, and ocoupiod himsolf in toaohing aoienoe. Por 
some yoars he laboured incessantly; Ins lecture room was 
crowded, but all that ho oarnod was spent in buying inanu- 
soiupta and instriunonta. Ho tells us that altogether at Paris 

and Oxford ho had spout ovor d32000 in this way— asuni whicli 

ropro.sonts at least dJ20,000 now-fvdays. 

Bacon strove hard to roplaeo logic in the nnivorsity ourri- 
oulumbyinathoinabical and linguistic studios, bub tlie influences 
of tho ago woro still too strong for liim. His glowing eulogy 
on “divine luathoiuatios” wliich should form tho foundation of 
a liberal education, and which “alone can purgo the intellect 
and fit the student for the acquiromout of all knowledgo” fell 
ou deaf cars, Wo oan judge liow small was tho amount of 

** Boo Jiogcr Bacon, m vie, aea ouvraaes.., by B. Chailcs, Paris, 1801 • 
ana Iwyer Bacon, einc Monoorcqyhle, by Sohnoiclor, Augsburg, 1878, T)io 
lli'st of thoHo is very oulogisUo, tlio latter somowhat severely critical. 

11—2 
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the ratio 3:2:1, A takes away x, keeps half of it, and deposits 
the remainder with J); B takes away y, keeps two-thirds of it, 
and deposits the i-emaindei’ vdbhD-, C takes away all that is 
left, namely a, keeps five-sixths of it, and deposits the remainder 
with Z>. This deposit witli D is found to belong to A, B, and G 
in equal proportions. Find u, x, y, and z, Leonardo shewed 
that the problem was indeterminate and gave as one solution 
m= 47, a; = 33, His opponents failed to solve 

any of these questions. 

The chief work of Leonardo is the Liher abbaoi alluded to 
above. He also wrote a geometry toi-med Practica geomelriae 
in which among other propositions and examples he finds the 
area of a triangle in terms of its sides: this was issued in 1220. 
Ee Buhsequently published a Liher quadratoim dealing witli 
problems similar to the fii-st of the questions propounded at the 
touvnaraent, and a tract dealing with determinate algebraical 
problems. The latter are all solved by the rule of false as- 
sumption in the manner explained on p. 95. 

His works have been publislied in 2 volumes under the 
title ScHUi di Lmtmrdo Pisano by B. Boncoinpagiii at Romo 
in 1867 and 18G2. 

The emperor Frederick II. wlio was born in 1194, sucoecdocl 
to the throne in 1 210, and died in 1250, was not only interested 
in science, but did more than any other single man of this 
century to disseminate a knowledge of the works of the Arab 
raathematicinus in northern and western Europe. I have 
already mentioned that the presence of the Jews liacl been 
tolerated in Spain on account of their medical slcill and soion- 
tifio knowledge : and us a matter of fact the titles of physician 
and algebraist* were for a long Umo nearly synonymous. The 
Jewish physicians wore thus admirably fitted both to got copies 
of the Arab works, and to translate them. Frederick 11. 
made use of this fact to engage a staff of learned Jews to 
translate the Arab works which he obtained, though thoro is 

* Thus the roaclev may recollect that when In Don Quixote Oavasoo is 
wouncled an aloebriala is Bummoued to Mud up hia wounds. 
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no doubt that he gave his pati*onage to them the move readily 
because it was singularly ofTensive to the pope with whom he 
was tlien engaged in a quarrel. At any rate by the end of the 
thirteenth centxiry copies of Euclid, Avcliiniedes, Apollonius, 
Ptolemy, and some of the Ai-ab works on algebra were obtain- 
able from this soureo, and by the end of the next century were 
not Tincoinmon. From this time then we may say that the 
development of learning iu westoni Europe was independent 
of the aid of the Arabian schools. 

The only mathematician of this century who can rank witli 
Leonardo is Itogffi' Bacon*, who was born near Ilcliester in 1214 
and died at Oxford on Juno 11, 1294. He was tho son of royal- 
ists, most of whoso property had been confiscated at tl»e end of 
the civil wavs. At an early ago ho was entered as a student at 
Oxford, and is said t«> have taken orders in 1233. In 1234 
lio removed to Paris, tbon tlic intellectual capital of wostoi’ii 
ISuvope, whore ho lived for some years devoting himself espe- 
cially to languages and physics j and there lie spent ou books 
and experiments all tliat remained of Ins family property and 
Ilia savings. Ho returned to Oxford at stimo time between 
1240 and 1260, and occupied liimsoif in teaching science. For 
some years ho laboured incossantly; liis lecture room urns 
crowded, but all that lie earned was spout in buying inanu- 
acripts and instrumonts. Ho tolls us that altogether at Paris 
and Oxford he had spent over .•£2000 in this way — a sum which 
I'oprosonfcs at least ^620, 000 now-a-days. 

Bacon strove liard to ropUico logic in tho univorsiby ourri- 
onlum by iimthomatical and linguistic studios, but tho influences 
of the age wore still too strong for him. His glowing eulogy 
on “diviiie inathomatios” which should form the foundation of 
a liberal education, and which "alono can purgo tho intellect, 
and fit tho student for the acquiroinont of all knowledge fell 
on deaf oars, Wo can judge how small was tho amount of 

* See Uoiter Bacon, sa vie, sea ouvranea,.. by E. OharlcB, Baris, 1801 i 
and Borjer Baeott, eine Monosraphle, by Sclmoidov, Augsburg, 1873. Tlio 
first of tliOBo is very oulogistlo, tho lattov somowliat sovoroly oiitioal. 

11—2 
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gooraotry which wna impliwl in the (iimdi’iviimi, wlii'ii lu* (,(t]!n 
ua that foAV atHilontH at Oxford got hoyond J’hu!. i. fi ; tliougli 
wo might povliaps have inPovnid hh mmili IVinn l lio idianioldv nf 
tho work of Bootliiua. 

At last worn out, iw^glootial, and niini'd Uuci.ii wua ]Ka- 

anadntl by his friend 0imsc5t(!Hti!, the gi'i-at (d Ijim ohi, 

to rononneo tho world and tho l‘'niin'iiinui vows. 'I’Ik! 
aociety to whioh ho n(»\v fouml ldma<'l)’ ooiilinod wiia Mingiiliirly 
uncoiigoninl to him, and lie l«?gui!i^d ilio tinm Iiy writing on 
sciontKic (jnestiona, and ]i(a'lui|iH lecturing, d'lio impoi ior ol the 
order hoiU'd of thiH, ami in 1^157 I'oihad him to Itartiii'n or 
publish anything under |ienalty of llin iiiohI. lll•\■('r^! }ainiali> 
mojita, and at the Haim' time dii'oeted liini (n tiiko up bin 
rosidenco at Birm whore he could In' inoro closoly wiilolicil, 
Olomont -TV. when in J'liiglaml laid lioiinl nl' liia aliilitioH, and 
in 1206 when lie Imoaimi popi' ho invited Ihninii lo wrlt(‘. Tlio 
Franciacan order roluotiintly permitted him to do no, but l imy 
rnfusod him any asHiHtamu*. Witli great <lil)ii'idty naeou ob 
taiiK'd Hufliciont money to get paper and tim liiaii of Imolui, lunl 
within the Hliorb space ot lifteeii montliii In' piiMliieed in lJ|(i7 
his OfViM viujuit witli two mippleinenlH which aiininmri/e<l all 
tlnit was then known in Hoionci', mid laid ilown tIm priiieiplea nii 
which not only Heionce, Imt pliiloHophy and lil.eni.tnro, nimnld lio 
studied. Ifo staled ns the Ihndamenbd priiiei|ile that. Urn aliely 
of natural Kciemio mimt rest wdely on experiment; and in 
the fourth part lie oxplahiH in ilolnil Iinw all aeieia'eii ri‘hl> nlli 
mutely on matlmmaties, ami progrcHs only when tlieii' fiinda 
mental principh's are expri'SHod in ii jiiutiienmth'Hl I'onn. 
Matlmmaties, ho says, should Isi veganleil as the alphabet, of 
all philosophy. 

Tho resulhi that ho arrives at in tins and Ida ot imr werlo> 
are nearly in aocordaiico 'with niodiirn idi'aa, linl. were lee fur 
in advance of that ago to ho capHldo of a|i|ireeiiitinn er perliap.> 
evon of eompreheiiKion, and it was left for later geimrutiunn to 
rediseover his works, and give liiiii that, ereilit wldeli he never 
cxpei'ieiieed in his lifothmi. In ustroimniy im laid down llm 
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»‘>rcjnn nf Uio cjiilomlar, i>x)tluiiunl tlui plHiiio- 
iiMHiii III' mIiiiiiI.iii)' kIiu-h, hikI iiliiliMl lliitf. |:)iii l*l,iiliitiuvi(; systoiu 
wan luiHi'ii'iirUia in iii» I’tu* nil i|. ri!}i|,i'(l mi (.lia iiNsinniitiim that 
aii'iiular iiMiliiiii wan l.iin iiul.unil imiUoii of ii |)Iiiniit, wliila iho 
i'uiii|ili'xil,v •>!' Ilia ii\|i|iiiiul-iuiiti t'ci|uii-ai) iiiailn it iiu|ii'ii)ialila 
l.lial dm Hii'iii’v will* l-nii'. In <ii«|.ii-!i Im oiuiimiatcil dm laws of 
lunl in u j^i'imral way of n‘rrimdmi of aiul 

uiii'il dmtii til) j'ivo 11 rune'll i).v|tliiiii(|.iiiii of dm raiiihow and of 
mii;'tiiryiu;i( |'liiiiiii':<, Mnal- of ilia oxjua-iiimiila in olminiHlry 
NViTi' iliri'i-li-il h) (ill' lnihiiiiiiil.adoii oi' timlahi, anil lail to no 
i'i>r<iill, Mo ;'avo dio l■l)ll1|ln!at^oll of ['itn|iowilia' ; lint dmvo in 
nil ilmilili dial- it. wna nol, lila own inviiiition, lilimi;'li it in 
dll' oarlioat i'’.tn'o|M-an nii-ndon of it. Mn dm udmr Iiaiul Kiinio 
Ilf Ilia I'oiinllH in do'ao anliii-ola apimar to lio fj'imaaoa wlilnh 
ai’o niiii’M III' Iivia iiot>'i>ioiiii, wliUo I'oi'iaiii atuli'iimnl.s Im iiudciiK 
urn oortainly I'rronoiina. 

Ill' wmio nunii'i'oiia woHoi wliirlt tlovolojioil in iliitail tlio 
|iriimi|ili''i laid il)»wii in hia i/ni/a/i in tlmyoara iiunmiliati'ly 
fnllowini; ita |atl»lioal ion. Mont of llmiui liavo now liaon pnln 
liala'it, laii I do loil' Know of tiio oxiali'ni'o of any I'oniiiloU) 
I'llili'iii, 'I'lioy ^l•■al »)nly with ii)i|ilird niadmiimtii'ii and iiliyaiuH. 

t 'li'iiii’id I'loli no Moiifi' of dll' f^roal wurlc I'm' wldoh Im had 
uahrd, i’M'o|it l•lolllain loiivo for Uaoon In I’l'tiirn to I'liif^land. 
Oil ilu- ili’iiili of Oh'ini-nl, llo» p»i’ia’nd of tim l''raimini:an ni'iloi' 
wa'i ‘'li'i't‘'d jio|>i*, aiol Mioli lln* lidi’ o| Ninliiilaa IV. Ilai'iiu’a 
iuM'iidi^aliotm had novor hron iipjirovril of hy Ida HU{ii!i'iora, 
nitd lio wmi now Mi')l*’r«')l to j‘«»liU'n to I'aviti, wimra wo avo tiold 
Im 'va'i iiiino'iHali’ly lo’i'U'aal "I iiiujjii’ : Im wan I’ondoiutmd in 
I'.IHI) I'l ini|iri>ionnmnt for lil't'i utal wan only ri<h>aimd ahout a 
yi'ar liid'oi)' Ilia di'iillt. 

.\inon[-o>t dm minor inadi»’nmli)‘iaim of tlna nouLui’y wan 
OlVJupamiM who Inundati'd Ihmlid’a /vV. 7 a«;/< 7 v, and 
wii'to a I'liiiinmntary (imi'i'oii in wlihdi Im iliiionaa'il iiio pro- 
pi'iiii'ii of a lof'nlar I'l' i'liitaiil pi’iitiiKoii. IIi'mIiIi'ii Hoino minor 
wiii'Ka Im wu'lo 'I'litun'ii ij/ wliioli wiui a fi'oo 

iiam>ladoii "f tin* jl/H»oi/»'«h Aiiolhnv nnillmiiuitioian of aliout 
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the same time was Jordsuius, who comi)osecl text-books on 
arithmetic, algebra, maps, and astronomy. 

Tlie history of the fourteenth century like that of tho 
one preceding it is mostly concerned with tho introdnotiou 
and aasimilatioii of tlie Arabian mathematical text-books and 
the Greek books derived from Arabian smirces. There 'was 
contemporaneoimly a i*evo!t of the universities against tlie in- 
tellectual tyranny of the sclioolmen. This was largely duo to 
Petrarch, who to his own generation was celebrated as a 
Inmianist rather than as a poet, and who exerted all Ins power 
to destroy scliolnsticism, and encourage scholarship. Tho re- 
sult of these influences on the study of mathematics may bo 
Been in the regulations made at the university of Vioniia in 
1389 as to the manner in which the last tliveo out of tho 
seven-years course for a nmator’s degree shonlcl bo spent. 
Before a studeub could take that degree lie was expected to 
have mastered “ five books of Euclid, common porspooLivo, 
proportional parts, tlio measuroment of suporlicios, and tho 
Tlmry of the Plmiots." ' Tho book last named is tho troatiso 
by Campauus, Similar rules existed at Prague and Leipzig. 
In 1366 a reform to the same effect ha<l boon mado at Paris, 
and a couple of years later at Oxford and Cambridge j hut 
unfortunately the text-books required at these nnivorsitios are 
not mentioned ; still it seems reasonable to suppose tluib tho 
standard required was about.tlio samo as that at Vienna, which 
was itself an off-slioot of Pain.s. This was a fairly resj)ecl'ahlo 
mathematical standard, but I would ramiud the roader tliat 
there was no such thing as “plucking” in a mOclitoval univer- 
sity. The student had to keep an act or give a lecture on 
certain subjects, but whether he did it well or bndly he got 
liis degree, and it is probable that it was only tho few Btudoiits 
whose interests were mathematical who really maatorod tho 
subjects mentioned above. 

By the middle of the fifteenth century printing was in- 
vented and the facilities it gave for disseminating knowledge 
were bo great as to revolutionize the progress of science. Wo 
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liivvt) lU'i'ivnl ali a linn' wlicm Uiu rnwillM of Anili mid (Irodk 
Hoii'iHiti won' litinwn in I'lUropo; and Ihiti pialmiw thou is us 
good a dalo loi ran lio lixod fin* Ihn clcwo o(’ thin jioi’iod and tho 
ootuniouis'iiit'iil. »r Itial. ul' llin I'oiiaiasKnoo. 'I'lu' )oatli('Uialioii 1 
history ol' tho loimiananoo hoghiu witli tlio ran'ni* nl’ Itoghnnou- 

liuniHi hot holoio illng witli tlio goiumil liistory it will 

ho ooMvi’iunil. to 1*011001 lo^othor tlio olihd' laols ooinu'ittod 
with tho ioihnoi|nonl. ilovolo|iniont of arithiiii'Liii to tiu' yi'ai* 
l()h 7 . 'I'o this (ho noxl. olm|iloi' is dovotod, 
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We liavo wuni in (ilio IiihI; chapli’i* UiiiIp ]iy Urn ttnil ut' iJm 

thirkoonih conkni'y blin Arabio ariklniii'Iid iiiid it liiii'ly inri'n- 

(luc'(!<l into Kui'(i|>o and wan pmaliaad by I'iin aiiln ol' IpIhi <ild(\>- 
ariklnnotio wliidi whh rniinilod on (li<i wni'lc ni' lliutlliiiiii, lit wilt 
b(i oouvoninnt lo dnpitvt from tint oliroiiolnj'icul 
and bi'ioily to mim up tlioHubmuiuoni In'KtiMy nl' ni'il liiiiotio, Init I 
lio])o by roforonccH in tho intNt oliuplor to lliii iiivoiilioiia mid 
iiupi'ovomuulH in aritlnnotio bom 4l(mo]'i)ind Dint I itliall boalilo 
to kciop tlio ordor of ovonla and diHoovorii's ipiitti oli'iii', 

Tliti oldor aritlnnotio ooiiHialod of two jiai'ln ; jiniol ioid lU'illi 
mctio ov tho art of cabmlalion wbiob wim Ity iiwiiuia of 

tlio abiiouH and jKiBHibly tho imilliplioation (id. In, ninl Ilii'iimllnU 
arithmotiu, by wliiob wan mount. Iilio ration and [iro|iorl<ioH of 
munliora banglit miooi'ding to Hootliimi a bnowlodgn tif llio 
lattor boing oonfiiuid to proloHsod mathoinatioiaiiii. 'I'lio tlioo- 
rotica! part of tliia ayatom imnUniiod to Im laiigbt (ill l.bo 
micldlo of tho Mtoontli oonluryj anil tlio prantind part of il, 
wan «8cd by tlio mnnllor tradoHiuon in Miigltvinil, ilorinany, 
and Franco till tlio bogiuning of Ibo Huvontitonlli contiiry. 
Any ono wJio cnmw to hoo liow tbn abaoUH oan bn miod for 

* See the artiolo on ArlllnmiUo by Doan I’ruinnilc in llai 
MetrojuilUiinit, Vol.i., London, IHIfij and .(riV/oiift/m? Itwhi hy A. do 
JlorKflii, liomlon, 1847. 

t See o.R, Olmuflor, The MiUer'e Tulf, v. UH -tlfi; HliakoHpoHii., Tin- 
Winicr'i Tale, Aol iv. Ho. »; OtheUii, Aot i. Ho. I. T am not i.iillloioiiHy 
fionlliav witli early Kronoli or (lormaii Hlomlaio to know wliotlmi' ihoy 
contain any roforonooH to Uio iiho of tlio uliacnit. I In.llovo tlmt Hui 
T'lxohoqaor (livlftion of tho High Oimrt of JiihUho dmiv.m Uh niuiio frnm 
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(livIsiMji, immI t‘Vi»u roiiipliciili'il huiuh will liuA 
till' I'lllrii wilh nil (lifiii in llii' x\Tilk)ni)l‘ikii 

liY U. lii'i’nnlt’, liiMiilnli, Ini t'll, !{ill». 

'I'lii' iit'W A laMiiii iii llhmi'lia wiia fallrrl iilijni'litiii. nr tlin art 
III' Alliarianii to liiniini'iiiiih il. tVoiii tlin nli) or HnniliiiiiiiiriUi- 
Iili’lin. 'I'll" UnnKa nh ii!};n|-iaiii rninhiniiin'd wil-li iJu' Avalius 
iiVaii'iii nl linlatioit, iiinl lii'i'aii liy *'»l<':i I'lii' aililillnii, Hub- 

tianllniit iiiMlli]>ti>'Kii"iii iiial tliviainn ; j]|i> |ii'luri]ilca nl' ])rnpnr- 
tiiai wnin limn applif)! In vaiiniia |iiimliral {iinblnias, aiiil llin 
lainivii lliaially nniii'lialtnl willi itOti'biaii* i'nnnulta fni' iiiualr nf klin 

I'liiniiinn ]iniblfiii!. t*!' .AIk‘'H" 1 ii wan ill I’anl a nini'- 

I’aiilib' aiillitimlO'i ibnup.li at liial- if. ulan inahulril all llial. waa 
llmli blinwii an aljtnbiii. 'riilia lata ita niit'ill in ai'lth* 

lili’liii; anil 1" inn-il pi't.jdn llm liain ituiiri'iuil nfidiuU'lUi by 
W'liii’Ii il 'vaa .l«-.i)'ual« i| .•.nivnya a l‘ai’ liinrn ari'm'all) 

im]iri‘ii'ii<iii ni' ila and timflinila tban lla* iiinva nlalnii'iita 

ilnlliiil iniiii •>(' ln•>•|l<i-n tiiul Iminal i•-iaha i-i-rfaiidy bnllni' iJiail llin 
dlillnilinli "I l‘'>l llliain I Itihiillnli ii'l I })« ta'inUi'i' (d' pui n i inio, 
nr llial I'ml. d>- M>>r(’aii iri i)ii> ralnibia nl' aiirci'iiHinli, No 

dntibl lnj'i''itlly lin’i’n i<i a niurin-d di'itiiu'Unii lii'lAvri'ii al'iiliiill'tio 
and alj'nbra, r'a' (In' t'oinmi i> llm llanry nl' diat'vnln laaf^iiitlldn 
wliiln llm litli>-i‘ i'> lb'll nf roaliniiuua iiiajodUlda 1 lait a 
ai'iniil ili" di'ilitmiinii a-* ihia in ««t' iniili- rri’t’Ul nri^iii, aiul 
tlin iili'U id >-<<nfiiiiiilv w-aa in>l iati'nilini'd iiiln inatliaiiial.li'H 
bt'lmn llm li(n" »'l K' l'b r. 1*1' r'aiiun llm riiiidalimiilal I'uli’H 
nl' llii'i ab^.ai'm w.-i.- ii..i at Ih -.I- i.limfly )>invid (llial- ia llm 
wnl li nl mil aim* d tlnaiitbU. bnl MMlil llm linn' nf INiakni’ 1(177 
ibi'in vvaa l.••lln' nl llm }*i iin'ipli'a iiivulvi'd | aiima 

limn vi'i v !'■'« *»i ilbiimlii'inlia baVi* alli'iiHili d In jilatily OV 

(1,„ n’-. d. Ml- |.« lliaii niiuia'iala I'oIi'h 

mid illit'iliiiln llmir iim* by ii fnw nuiai'vbal I'Xainidi''. 

■ria li-nb’ "I Kmim|.*’ •bnii*!; llm lliii hmiil li and fniiilai'iilli 
i-i'hfml"!' w.ri in ll.illiin banda ; and ibn nbvinlia advaii- 

Dll' l,.l'l*> I', i.-m wlii-l. llm I ami allbvia nf lla* r.aal niliduiilly I'Hl: 
IM- nm. . ..i-n.l i.ilJ* l'l’‘"U t MIi dlibb-l Mil*' J-iMiiii i "i' (’laniaava by 
iibil" bm na-l wan n|'i-.in nity an i»H abaiaiH. 
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tngGS of tho algoi’iscic HyMfccm for inoi'cantihi imr|iOH()n hul to its 
gonoml adoption in Italy. Tho viqtid Hproinl of tlio »iho of 
Arabic mmuinilM ami aritinnotio tbroiigb tlio vost of ICuropo 
socms to havo boon qiiito as largtily iliui to tio! iimkorH of 
filmamioks and cjiloiulai'H aa to imaHiliinitu anil iinm of Hniimoo, 
Porliaps tho orioutal origin of tint HymliolH gavo tlimii im 
attractivo /lavonr of inagio, hub thorn Hooni (.o liavo lutcii vory 
fow calonduvH after tlio yoar i;U)0 in wliioh an oxpliuiation of 
tliQ HyHtom was not included. Tovvards tlio niiddio of tlio four* 
tconth oonturv tlio rulcH of aritbiiu'tio do, iili/imHDut wi'i'o aluo 
added, and by Iho yonr IdOO wo may oonHiilor llmt tlioy worn 
goiumdly known throughout .I'lurojio, and woro unod in iiiohI 
soiontillo and astronomical works. Most inoi’olianls coiitiniK'd 
howovor to koop thoir accounts in Rtoiiiin nuiiioralM till iilsmi; 


IfifiO, and monastcrlos ami collngos till fLhoiit I(lf»(): tliongli in 
both cnscH it is prohaldo that tho prociwHios of aritinnotio worn 
poi'fonnocl in thoalgoristlonmnnor. Tlio Aniliic nniiiovalH woro 
iiitroducod into (loimtiinUnopIo by l*lamnUiH at iilsmt tJio sanio 
time 118 into Ibdy (son p. Ill), 

Dio liistory of algorism in hluropo linginn tlioii with its nsii 
by Italian morchants: and it is i-spooially to tho h'lorontinn 
tviuloi'fl and writors thitt \vo owo its oiudy dovolopinoiit and 
iinprovomont. It was tlioy who invoiitod tho Hystmn ol' hook- 
koopiiig by doubhi ontry. In this systom ov'in'y tninMaotioii is 
ontovdd on tho credit sido in ono lodger, and on tho dohtor sido 
in another; o.g. if cloth is sold to ./I, .rHaniount isdoliitoil wUli 
the price, and tho stock hook oonlaining tho tiaiiSHolioim in 
cloth is oroditod with tho amount sold. It wan tlii'y loo who 
arranged tho jirohlmim to whioh urillmiotin oould bo applied in 
didcrcnli ulassos, such as rulo iif Ihi-oo, intiirost, prolit and Ions, 
Ao. ^ Tlioy also reduced the fundaniontal oporationa of arith- 
mofcio “to sovoii* in rovoi-muai" Buys Pacioli “of tiio snveii gifts 


* llmliiiingoptii had omuiioratwT Iwonly pioiifiMHeH linHides eiuliL huIi. 
8 itlmiT ouch; and ataUNl that -‘a disthnii ,tn.l saveml IooovI.uIkc „f 
tboHo was OHBoalial to all who wished (o liii (lalonlalinH.” 
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,il‘ (liM ilnly Sj.il il : imim-ly, iiuniMiatinii, ii.liliUou, itul.lviuiUnn, 

j„iil(i|ili<'iili"ii, luiMiiij. uiul t‘x|.nir(,iim id' 

Iiii'i wliah'vrr \\,r limy Miitili I.l' I’lirinli'd |oi' 

Ihiii clii'i-iill. iiiii'ii "»■ Ui.' j.i-.MTiifii'ii, ilm n milt wun 

{iiiiijilin'ii'iy. 

Till’ . «>l wi-ro al. lirul, vi-ry 

laitlili'-i 'I'liiir, auil llii ii ntiajiiitinil imi wail aliicllv 

lo I In' 1 1 iiliHOd Iiii.t Il IM riii tfiia dial tliM lOii^'Iiali 

tiliiiiilil liavi' jiluvi.l a'» liHf-;.' i4 i.aii. in ilnvcliijiiiijj uritliiiintii', 

lull. iViiin Hh' {ii'-I tlii \ '.li*'u..| j’n'al iij.tif iii|i< (in' i'(aiinii<i‘iaiil 

HI illitili'fi'' itinl uliil.' limy lanl jinvi'r J'l'lli'l'illly 

(iil*i|iJ<'t| til*' iJ.x lliiMii t.-v .ii’iM, fliMV ui'Vi* iiiil liaiii|ii')’i‘i| liy 
liiivilijj <" "• ^ i.f l||i> niaall allrlilinu 

jiiiiil I't niiitli' iMuM. !> »u ilii'v Wi n* umniiK llin lansl, 

i-S|i'’l I aiifinii. 1 1 . i.Mi'j tA rli.' ami f’ixitciilli 

W'l' may jiiali'.j-a t;ii\ iKvif jIm- oi ai iiliiiiriia in l'',n|,|laial 

Ilia) llaly wati nan.' tln.ii liall it t »-ii!iii\ In ailvaiira iif I liali nil 

(ill. irif I'i tlu- • .'iifni- i.t 

'I'la' I'lti. t IK' ii»-i ml <1 inlo llm I'luly haliall 

n.'io (i> d" 'aii.j lilit ii j.-it .■! On’ r.nir I'lliiilaiai'alul 
: I n » m» i .•.Im ! >• n '.iijmi I'.u' |•lnl>, iiiinitii, amt 
I'.jMitlily , mil ill-' m-.. lih'.n .-I ; ami (iv) ilm mu' nl’ 

ilaaiiiial'i, I nil! •■tin. m .an ii.n, 

(i) In mMiii’-n .n.tl ..sil.ii «• !i>'ii Mn* Aiat'. maially Ns'iivhi'il 
iVi.m l''l' *■' ’• Ja' i»»."l. 3n u.aLin}.' tinin ri^'lil, 

In 1. (1 i'. ' li- .n-s »nnl Mtli-'-ln.-. .1 l.y .iM Knitlii'iiliiaM muiiril 
(Jinili. I ll*’ > i<l I'laf. • ••nliioi! ■! in j' tiCiil III,.' iitl alii.ut 
i( winil'l ri > n .-..uvi .n« iif in n{>]ir<>xjmatii.M!i \v)ii-ii' 

if ia I'lily i>'«' ,n% !•* 1; . ,.,j» <1 * iU nnml” I' >>f I.la.'ia nf ili'.’U 

mal’f 

‘I'lii. In'li.ma .\taltT hml ni’vmal l•y'^^"m!l of litltMipll' 

I'lld.'n I li' :• uU h-i! Iiii'i«u«.n», ami Wfl'a luailn 

itm ...2 naiii iv. ii' uiiluiiwii i>r al any 

lal*’ un«i.-:' 1 1 li." » j .- j-.*f •> n V41V n aa •'iii' i»l cnii’iiil.'' 

ral'!'* ilijJi’ nil i , f*t“i I?... S'-.-l »*f ihn iwoilany nf tia' l.y 

"iimhii].; ».i|! d... ninv:," itjti Ml«‘i t.y fin' .Vral.a im a ala rli. 
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on the correctness of their work. Various otliei* systems of 
multiplication ■were subseqmaitly employed in Italy, of which 
several examples are given by PacioJi and Tavtaglia j and the 
use of tlie multiplication table — at least as far ns 5 x 5, from 
which the result of multiplications for all nuiubors up to 
10 X 10 can be deduced*— became common, Tlio system of 
multiplication now in use seems to have been first introduccid 
at Florence. Tlie dilBcnlty which all but professed mathc- 
maticians experienced in multiplying led to tho iu^'ontiou of 
several mechanical ways of clTcctiiig tlio process. Of thoso 
the moat celebratetl is that of Napior's rods invented in 1G17 
a full description of which will bo found in Peaoook's uvtiolo 
on arithmetic. 

If multiplioatioir ■was considered difiicult, division ■wiis at 
first regarded as a feat which could only bo porformocl by 
skilled niatheniatioians. Tho present system was in use in 
Italy as early aa tho beginning of tho fourtcontli century, but 
it was not till the beginning of tho oighteontli contnry that it 
was universally adopted in the rest of Europe, Till then tho 
method generally employed was that knowji as tlio (jalhy or 
aci-atch system. This was used as Into os 1798 in Bornouilli’s 
translation into French of Euler’s Anlciluwj Kur ArUhviotic, 
The following example from Tavtaglia will sor^'o t;o illiistmto 
the method: the numbers in thin tyjm aro supposed to ho 
scratched out in the coui’so of tho work. 

To divide 1330 by 84 

07 

4 9 

06 9 0 
1 3 3 0 ( 16 

8 4 4 
8 

The process is as follows. Fii-st write tlio 84 bolow the 

* Tho rule was oallea the regula ig^Rovi, and ia a statement of tlio 
identity 

( 5 + rt ) { 6 + 6 ) = ( 6 - a ) ( 6 - 6)+10 
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. 1!1 in l iin wnrK, llirii SI will im.ui iii|,> 
linti, lin'in- ill Hi" tiihiiiiMil- in 1. N„vv IxS^S, wliioli mib- 
ti-milf'l l'i"iii lb li-iiv.-ii .' 1 . <^iiin>l (Mil. Ill,, 111 iiini tl,„ s, , 11,(1 
W(, liiiv'i’ iin IIk' ri’HMll tirilio lii’ii, 

1) 

I •» 3 0 ( 1 

•’* 4 

NiinI I f I 1. 'vhh'li 7>iil>h'ii,-h'.| f,:| i|.,ivc,4 

iilll lli>' i'b uinl llii^ I, itiui w,, iiM llin ||„x|, ii(,i<]) 

4 

'• » 

I :i .! 0 ( 1 

s I 

wliii'li iiIkumih ri<iiii(iii<l><i' l!<0. 

Wo liuvo IIHW Im .livi.l.. IIMI l.y SI. Till' Iii-xl, fi^ui'o ill Llio 
i|iiolioul will llo'i.'hM.- !»• o.iiiot i.'wmIImj» lliiMlivimiv wo huvo 

4 

\) 

I :i A 0 ( 15 
s I 4 
8 

'i’lii'ii 5 • S I'b iMi*( illif, i> 4 fnou 111 Imivoh 1). (^iiiii;i'l 

lllO 111 lUol Mil’ S, liMil wo huVf ill,' riill,i\vill|| li'.'iull. 

Ml 

:i 

I b ;i 0 ( 15 
s I 4 


No\f N - 1 l.'“, (Hill flu > (imKii'io'IxI fiuui IH) li !ni'‘i 71*. {'iiniiol 
llm '.III iiiiil iIh’ J, uM’l ill*' liioO ii 'iull i’lu'witi^ ii ri’iiiiiiinlor 
?ti ii. 

7 
I !l 

n 0 

I A A 11 ( 15 
H I 1 

,K 

’rii" Msi>o -J ill 'riufaylin’x woilc mo uii- 
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noccasary, but tlioy do not afibct tlio woric, iis it is oviditiit that 
a ilguvo in the divuloml may bo Hhif’t(;(l omi ov morn pliuioH \ip 
in the sanm vortical cohimn if it is conv(!iii('nl; to do so. 

Tlio imidimval writnu's woni accjimintod witli Iho iiiotliod 
now in nso, but coiiaidoi'od tlm SiU’atcli niotliod moni nimplo. 
In Homo oisoH thu latter is vory cliniiHy as may Ixi ilhmlialod 
by tho Ibllowing oxumpUt takoii (Voin I’acioli, '.I’lio (ilijm't is 
to divido 23400 by 100. T1 k» rosiiit is t)lilaim’d tlius 

0 

0 0 

0 3 -I 0 0 

2 3 4 0 0 ( S3d 

1 0 0 0 0 
1 0 0 

I 

(ii) Tim sigiiH i- ami - to ropn'Hojit addition untl sti)>- 
Irautbu occur iu Wuhinm’s aritbumtin )ail)lls]i(id in i'lKi) (soo 
p. 183), but worn (Irst la‘<uiglit into gimoral lujliim, at any rato 
as symbols of <j|)(u*atioii, by Stilbl in 1314 (soo p. 11)2). Tlio 
signer to (loiioto 0 (|uaUty was iiilroducod liy Kocordn in UiK) 
(scop. 101). 1 bollovtj I am corrout iu siiyiiig that Viola In 
1501 was tlio lirst woll-known writer wlio nsod tlioso sigiiH 
oonsistonfcly throughout Ids work, and it was not until tlio 
bcgiiiuiiig of tho sovontoouth uoutury that limy worn rocugni/iid 
and woll-kuowu symbols. 

(iii) Tim iiivontion of logariUims, witlmnt wliioli many ol’ 
tho luunoriciil calculations which have ciuuitaniJy to bn mado 
would bo practically impossible, was dim to ,/o/in Naplor* ol' 
Morcliistouu wlio was born in IfinOand died on April 3, 1017, 
Napier spent most of liis life on tho I'amily ostalo imar hldiii- 
burgh, and took an activo part in tim polil.hiid ami n'liglmm 
conti'ovorsicK of tho day. Tim buaimiss of his life was tti ala^w 
that till) popo was antiolirisl;, but his favorite umunonmiit was 
tho study of matlumiaticM and wiionco. As soim an tIm uso of 
exponents became common in iilgnbra tho intrndiml.ion ol' log- 
arithms would naturally follow, but Napier roiisonod out tim 

* Soo tlio Memoirs of Maitler hy Mark Niiplcr, EiUiibmKh, IHII I. 
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iTMiill' williuul, lilt' ()| »ny liyiiiltolid itoliil.iiH) Id loiMutl, liim, 
mill ill!' iuvi'iitiiiti 111 \vmh ihi fui* IVimi licin;' u mitlili'ii 

iiiii|iiraliiin llml' il’ "un llm of iiiiniy yi-invi’ nlloi'lti with n 

A'inw Id iililii'i'vliitd llid jinun'MHfs i»f iiitilli}ilii’alii>ii niul iliviitioii. 
'I’lii' (iriil. iiiiiiiniiiri'iin'iil. ul' {hit ilimuivfiy wan hhuIk in liin ,1/j/ /. 
J)i'i hujiiritlimniiiin fitinuiis tlvst-riftlUt in HIM, mill of 

wliinti ivn l'’.nj'HiJi lriiiii>liilidn \vun iMiau'il in llin I’dlldwin^^ ^'i-nr, 
'I’liiii wiirlj dSjiliiinril flit' )iut.Mrd ol' lii^iiiil.liinM liy a iuini|iin'iitdn 
lii'lAVi'i’ii ^•d^'^■!l|Mlnllin!^ tt'vnni dritii iinllniinliitnl tuul ^(tmnii'l linil 
]il'(i;{ir)iliiii||. Ill illllH|.)tth-it llifir UHd, iliiil f'liYD liilili'M di' (lid 
ld;j(aril]iniii nl' llm iiini'M nml luii;'dn{>4 of all iiiiji^ldii i'di' iliiri'i'diiffM 
dl’ dVdiy luiiMild, nildiiliifdii Id nnvdn pliuTH oJ ilddinmlH. 'I'Iim 
ld;,'m'illuii dl' It uniinlily n «iiu wlml, wi* tilinnlil now i'X|in'iiH 
liy llid I'diiiiuliv Hi' Idj* ( Wdi'K in llid iiuird iiildj-- 
dlllilllC Id till Idi il' ill tlld liM- Vllllllllild rtiHtnliUtidli (d (lid 
{iVd|,;j'i'H!i ut' Kinllidnuilldn wliloli svim mmld liy miy ni'i(inli 
wrUdi', 

Tlld mi'llidil liy wliidh (hd Idpirilhnin Wdid nildulnldil wuii 
dx)iliiliidil In llid n |H>;<l1iniudnii work iiiHiidil in 

llltll; i(. M’diii'i (d Idivi' lii'dii Vdi’y li{l>dridnH mitt ili'pi'iiildit nn 
i'd)'iiiinji< nil iiitiiidniiit nnmi»'i' nl' K<’«tnH'lridu) nidmin ni' ^'lll'idnll 
iiuiiilidi'H, Mill! iidl dii linttiii^' III*' ii)i|*rD\iiiiuld vnhid itl' n I'dth 
Vdi|(diili iidi'idii, Nii]ii('i' liiiil (Idli'niiini-il («• I'inin^'d (lin luntd (o 
diid whidli wiiti a pdvvdi' df 10, )ml> ilii'il lit'kir*' Im nmlil t'll'diil. il, 

Tlld I'lijiiilil.y wilii \vln»?li (ltd uw* mI' lii|'m-illinin wum nildjilfi) 
ill I'ln^lnml nml dliidwlidt n wiw luridly ‘Itm In Hvij'^n ; wliiln 
uiitdiix (lid lud.'tl. [ii'dniiitditlp t*r l)id.sd Avlid Mil»idi|ni'iit)y lidl|>fil 
Id iiiti'tiiiiii'd limit' til'd dit (iid ddiiliiiditl) wim Ki'iili'i'. 

llnirjf Brlgyu* wim l«»rii imur .llulifax in Ifirili, III* wan 
dtini’iilt'il ul. Nl, ildiin'tf I 'nUd^d, ('aiii)triilf((', limit liin «ld;<idd in 
i.'iSl,niiil dliliiini'il n fdllMWHlii|i in KiHN. ||i> wtiH I'lciiidtl (d 
Mid (It'dalmtn jii'dldMtditiliiii **1’ gintnidtry in nml in llil'.l 

I mild Nnvilimi jiniffwini' nl OxTiinl, a dltnir wltirli hd hdhl 

iinlil hill ildulh im Jnii. ‘hi, KiitO. 

* Hit' 77(f’ /li'r-i tif itir Vutl'i-finufM uf Hinlhm liy .1. \Vm>l, 

Tiiiiiilnii, 17 Id. 
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THE DEVELOPMENT OF AULTHME'JTtJ. 


Briggs was amongst tho «»Hrli(!St to rooognizo tlm viiluo nl' 
Napier’s invention ; but ho tli!«ino<l tlm huso to wlii<ili Naiiier’s 
logaritlnns wercj cal{inlat<«l to bo vory iiunmvouiont. llo ao- 
corcliiigly visitetl Najiica' in 1610, and tlio oliaiigo In a (h'eiiiitil 
base, which was vecognizod by Nnpior an uii imin-ovimnmi;, 
was probably ontiriily thin to hin Hiiggostion. Briggs at onrn 
carried this into ellbct, and in 1017 brought <ait a labln o|; 
logaritlnns of tho lirst 1001) mnnbers to Id |>la<r<'a of ihuniimln. 
He aul)H(anienLly (in 1011*1) puldisliiid tahlos id’ tho l(igiiritliiiis 
of additional uuinborH and t)f vnrioiw Irigoinmnitrioal fuiiiitionn, 
His logaritliniH oil tho natural nuinbora am <!i|ual to tlioso to 
the liaso 10 when nniltipliod l>y 10", and of tho Hiiu's ol‘ angles 
to those to tlu> liaso 10 wlmn miiltlplical by 10'“. Otlitu' iablen 
wore l)i’ouglit ont in 1020 by I'ldnuiiid (liiiitli(n’ (l.'‘iKl) 162(1) 

another of the Gritsluun leeturorH, who wan the invi'utor of the 
words cowMnj and unlHnijatit. Tho rajitd n!c«ignitiou tlii'oiighoiil, 
Eurojio of the advantages »)(■ imiiig logiuilhiini in all |ivaeliciil 
caleulations was mainly dim to Briggs, uinl by lO.'H) tla'y wimid 
sooin to liave come into general use. The eahinla(i<m ol' mime 
20,000 Ingai’itlniiH whicli had lieeu left out by Briggs in his 
tables of 102*1 was performed by Vlnmi ami imblialnul in ICd'S, 
I'he ArUhindiac lodurilhniica «d’ Briggs ami VlmM( am siiln 
staiiiially tim same as llie o.visting lubh's: tbe only table 
founded on fresh euloulations being that issued by Hang in 
London in 1871. 

(iv) The introiluetion of tho dooiuml mdatinu was (in iny 
ojiinion) due to Briggs. Htevinus had previously in 168.6 
used a somewlnit slmilin* notation, for bo wrote a iminlior amOi 
ns 2r)'J!7‘J either in Uie form ‘Jb, .T 7" !)"' or in tlm form 

2n @ !1 CO 7 @ 1) (?}; 

and Napier in his essay on rods In 1617 liad adopted (he hitler 
notation. 'I'liose systems liowever only pmvideil a eoneiso 
way of stating results, and neither Htevinus nor Napier made 
any use of the sign as an operutivo form. 'I’lie same nolalion 
occurs however in the tables publlslied by Briggs in 1617, and 
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would Hdom to liavo boon usod by him in nil his woi^ka, and 
though it is dinioult to Hpoak with abHoluto oovtainty 1 linvo 
myHolf but Htblo douI)fc that lio thoi*o oniployod tlm ayiubol as' 
an oporativo fonn and not moroly an u conoiso way of Htatiiig 
a I'OHult. At any vato in Napior’s poHtlmmouK Gonalntctio 
puliliKluHl in 1019 it in do/iuorl and iisod flyatomatlcally na an 
niioiativo Ibrni. Now thin work wna wiitton after consnltatinn 
witli ib'iggH, (iiro. 1015- — (5, and wan pi*obably roviaod by .Briggs 
lidfoi’ti it wiiu iHHiuid, and tli<» only doubtful [)oint in whotlior 
tlid (irodit of that juvvt of fclio work Hhonid bo givon to Nn]>ior 
01 ’ to Ib’iggM. Of (iiiuvHo it in jioHHibh» that Napior diHoov(sml 
it in tho iiiHt yoai' of liia lilb ; but loitking at all th(\ Nuvround- 
ing dli’duniHtjindOH i fclnnk it io imioh inoro likoly that its 
invcmlion is duo to Briggn and waa coimiuniiciitdd by him to 
Napii)!', 

Naplor wrote tlio ])oiii6 in tho form now adoptoil, but 
Ib'iggH iimlorlinod tho dooinia] (iguroH, and would liuvo printed 
tlm nliovo mnidior an 1151170. Lator writora luUlod anotlinr 
lino and wrotn it 2n|.'179j noi* waa it till tlm boginnlng of tho 
dightoonth (tonlury that thu point uamo intogduoral uho and it 
was writton an 115’.'179. 


CHAITKH XII. 


THE MAT1IKMATICH OF TIIK IMONAtSMANCM:. M-nO -KIM?. 

Section 1. Tha dmiUipnwH of siiucoihUmI ahjvlirii oml Ininuiomotrii. 
SiiC'i’lON 2. Tho limiopmuHl ofaiimholh ohjohiui. 

Sioc'i'ioN 3. Thii oritjhi of Iha Moru coomon hiihiIioIk in iiff/i:ln‘i/. 

The IrtHt cliaiitor Ih a IVoiii tin- (tliruiiolii^iciil 

lUTiiiigoiuout to wliioh UH Ihr an jawHiMo I liuvo iJivnuglioill 
lulluu'fid, l>«t 1 ti’UHt hy rol’oroncoH in IIun nliai)i,ni' In Imo]! tlin 
orilor of ovoiitH and (IwcovoritiH ijniUi oh'iir. 1 I’olmni now (,t) 
tlio gonomlluHtory of matliomiitioH in wontoi'ii I'Iin' 0 |M', Miitlnt" 
nifitioiana luul baroly aHminllatial tlio Icnowliulgo olilniimd tVoiii 
tho At'iibs, including tlioir truiiHlaUonH of (Jrmtk wrilom, wlion 
tlu! rofugooH who (woajiod from UonHtivntiimpli' iil’U'V dm full of 
the caHtoi'ii oiiipiro brougliL tho original woi'lcn nnd dm tnvdi- 
tioiiH of Grook Hciojico into Italy, 'I'lmH by tin* niitlilli' of Unt 
lifloonth oontuvy tho ohiof roHidt-s of (Ironic and /\ral)iiin 
inatlioniaticH worn aucjoHaihlo to Mnropoan htudontH, 'I'ln^ 
invontion of printing about that tinu' roinhh’od dioii' din- 
nomination <!oin]>ai*ativoly ouay. It in alinoHt a tniiiini l;o 
rumarlc that until printing wiih introdiuiod a wrllor appoaind 
to a very liinitod oliWH of mulora, laib wo am porliapH apli i,o 
forget that wlioii a Groak or niixlimval writer ''|nd)tiH]iod" 
a work tlio roBultH worn known to only a low of bin (umloin- 
poruricH. 

Tim inti'oduotion of printing inarlcH tlio liegiiiiiing of dm 
modorn world in Rcioncu aa in politioH; for it wan oonlonipo 
rancouB with tho astiiinilatiou by tlio indigonouK Muropoan 
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Hchool (wiiioli wuH l>orn from HchohiHUcisin inul tlio lu.story of 
wliioli \vi\H bmcwl in olmptor vin.) of tlio nisults of tho ifncliaii 
and Arabian aolmolH (whos(» hiatory and iidlnonoo ■^v(U'o traood 
in (i]iiv]»tora ix. and x.) and of tins CJnailf hcIiooIh (tlio luHlovy of 
Avljioli was traood in olmptoi-H ii. to v.). 

'I'lui Iasi- two oontnrioH of kliis poriod of onr liistory wliioli 
may lio dosoriljod as tlio ixmiiiHsanco woro distinguisliod by 
gn'iiL niontal aistivity in all branolios of loarning. I’lio ovoation 
of a fi’osli group of nnivorHitioH (inoluding Llioso in iSootlund) 
of a somowliat loss ooniplox typo than tlio niodiaival univor- 
sltiiiH abovo diiHorlbod toatify to tho goiioral dosiro for Icnow- 
lodgo. 'J'ho dinoovory of Aniorioa in U02 and tlio diHovissions 
that jjniooihid tho lloformatiou (loodoil 1'jnvo])o with now idoas 
whioii liy tho invontion of jirinting woro widoly disHoniinaUid, 
but tiui advanoo in mathoiuathm was porliaps ovon moro niarlccKl 
than iJiat in litoiiituro and poliliuH. 

During tho drat park of kliiH Unio tlio atkoiition of niatho- 
tnatioiiniK was almost wholly dirouloil to synoopatod algobra 
and trigoiioinotry : tho troabniont of thosu HubjootH is diRouKHod 
ill tho (h'st sootion of this ohaptor. 'I'lio niiddlo yuars of tho 
ronaisHanoo woro dlslinguisliod by tho di'vidopnioiit of Hyiiiholio 
algobra; this Istroabalin tlioKouoiidHoutionof this ohaptor. Tho 
oloso of tlio sixtoonth contnry saw tho oroation of tho soionoo 
of dynaniiiiB: this fornm tho iiubjoot of tho first soiibion of 
ohaptor XHi. Aliout tho iiuino Unio and in tlio oarly yoars of 
tho iiovontoimth oontury coimidorublo nttmition was paid to 
pnvo gooiiiotry ; this fornm tlio subjoct of tho sooond sootion of 
oliaptor Mil, 

Tho (loiicld/niwiit of Ni/nooputod altjohm and IriijornYinotry. 

Amongst tho many diHlinguisliod writurs of this tinio 
Alohann EogloiUOiltniUlH* was tho oarlii^st and ono of tliu most 

* For ail aiUHaiiil ot Ills wrUiiiKii, sou Jicummifiinm, din Kolsligoi' 
Viii'liiufm' dim (JotHn-niisiH, by /lioglur, Jhijmldii, \ HH\ and fur an iiooounl 
of Ids lil'o, Ki.'o Ihii nmiiioir by (htsHomli, Tho IIiiksc, Ktnj. 


12—2 
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able. Ho wna bom at IConigsborg on ,Tuno 0, MOO, iiud dii^d 
at Romo on July 0, U-76. His roiil ninno wiih .Toliami Mulloi’, 
bufc following the cwstom of fclmt tiino lu? iHHU(!(l bin puliliwvtionK 
inuler a Latin psoudonym. To ]ii« frinnilH, liL iioigliliimni, iiiul 
his traclcspooplo ho may have Ikhiu .rohanu Mdllov, bat tlio 
litorary and aciontilio world knew liim an RegloiiMmlamm jtink 
as they know Zopornik aa CopovnimiK, and Hohwiii'/ord an Mo- 
lanchthon. It sooins to mo na podaiitio aa il. in eonfiming to 
rofor to an author by Ida actual nmno wlion lu* ia univoivially 
rocognizod undor anothor : I hIuiII tluirefoi'e in all canon as far 
as poBsiblo uho that titio only, whothur laLini/.cd or not, by 
wliioh a writer w gomwally Icmnvn. 

llogiomonUinna Htiuliod mablnmndicH at iJio iinivm’nily ol: 
Vionim, thou one of tlio ohiof ooutran of niiithmiial-iral Kt\tdi«m 
in Euvoik), nndor Xbn-lmoli* wlio was iirolbufuii' tiinro. Ilia 
lii'st work, done in conjimotiou witli J‘nrl)acli, itonaialed oi! an 
analyslH of tlawl/wno/cwi. In Uuh Iho lrif'oiioiiiotri(!al I'linol.iotm 
sino and coshm wore usod ami a lablii of iiatui’al itimtH wan 
introduced. Purbncl> died boforo thti Iniok was nniMliad ! It 
was finally piiblishod at Vonioo, bat not till JIIMI, Ati Hoon an 
this was complotod Itegiomontimim wrote a work on aatrology, 
whioli contains some nstvonomioai lalilea and a table nl' nalriiral 
tangonts: bliis was publislmd in 141)0. 

I/oaving Vioiina in 1402, J,t(tgi(tmontanun Iravclltid for 
some time in Italy and (ionnauyj and at last in 1471 iiottled 
for a few yoara at Nni-aiuborg, whenj ho oHtublitiluid an olwor' 
vatory, oponod a printing ja'cm, and )iri)bably haiturod. 'I’lmtioo 
Im moved to Homo on an invitation from Hixtua I V. who 
wished him to voform the calendar. !IIn waa leiMansiiiated 
shortly after his arrival, at thu age of 4(1. 

licgiomoiitamiH was among tite lirat to take advantage of 

• Cfcorff Purbaoh was Ixa-a near Tilnln <m tfiiy I'Hi M-!* and dli'd at 
Vioinin on April H, 14(11. Ila wiitlo a work on jiluaotary melienH wliliib 
was pvddiKhod in 14(10; an arUInnotia, pnbliidaid In irill ; a tnlila nt 
colipHOB, pnbiishoil in Ifild; and a taidu ol' natural Hiiti’a, pnliliKlird in 
16dl. 
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tlm I’ocjovMivy of tho oi'igiiml loxts of tlio Gniok inathcmmlical 
woi'lcK to niuko himwilf iuiq«aint(«l with tlio niuthndH of roaHon- 
iii'' and nmnUa tlioni iiwid ; tlio oavli(5Hb notion in luodom 
Mur(»iin of tho al{r»jhra of l)ioplituifcn« ia a ronnirk of hia tluit 
ko liad anon a oopy of it nb tho Vatican. Go waa alao well 
i’(nid in tlin worka of tho Arab innthoinaticiianH. 

The feuit t»f thin Htudy wjw alunvn in his Do IriangnUs 
written in iKS'l. 'I'hiH'iH a ooniploto and Hystomatic oxpoHition 
of trij.'onoinol.ry, plaim and H|dn*ri<ad, tliongli tlio only trignno- 
ni<itri(!iil fuinitiona intiH»du(s<i<l am tlnmo of tlio aino and coKino, 
It iH dividcil into Jlvo hoolra. 'I'lio firat four am given up to 
plane trigonometry, and In jHirticulav to dotevinining triangloH 
from l.lirno given oomUtioiiH. 'l!lio llfth heolc is devoted to 
apherical trigommiotry. 'I’Jio work was jirinted in h voluimis 
at Nnmmhm’g in Ifi.'i.’i, ni'arly a century after tho iloath of 
Ib'glonientamiH. 

An an nxam|ilo of tho mathomali<;H of tliis time !l' (piotn one 
of Ilia propoHitioim at length, lb is mijuired to ileteriiiino a 
triangle wliou tho dinbmnco of two Hidea, thi' )ierpondi(ndiir on 
tlio Ijimc, ami tim dillbreiico botwi'on the Hi^gmentH into wliioh 
tho ban(' in tlum divided are given (book ii,, jirop. lilJ). il'ho 
following ia the Holntion given by RogiomentivmiH. “Hit tails 



IrianguluH /!//!/, mijua duo lalmu AH ot ylf/ diil'erentia habeant 
nota .//f/, duetaf|m» jmrpeudlculari A D dnerum caHuum JiJ) ub 
DD, tlillhrentia ait /SO: lini duiu dHUivimtifu ainb datio, eb ipsa 
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porpendicularis AD data. Dico quod omnia latom triaiiguU 
nota concludQntur. Per artom roi ot conflus hoo prolilinna 
abaolvemus. Detnr ergo difForoutia latovmn ut dilVoroutia 
casuum 12, et pei'pondicularia 10. Pono pro liiVHi uiiam rom, 
et pro flggrogato latorum 4 i-ea, iwo proportio biiHiH ad oougoriom 



latoi’uni oat ut IIQ ad GJi, acilicot uniuH ad 4 , I'lrit ergo Hi) 
^roi minus 0, sod AB orit 2 rcH demptiH Diioi) AB in an 
produountur 4 census ot 2.^ domptis G robuH. I tom HI) In m 
facit \ censuB ot 36 mimis G robus: liuiu ad<lo ipiadratuiii do 
10 qui est 100. Colllguntur ^ conmiH ot l.'IG miniiH (1 roluiH 
tequales vidoUcot 4 oonsilms ot 2} donq^tiH (I rolum. Ho- 
staxirando itaquo dofootus ut auforondo utroblijuo ioi|ualia, 
quomadinodum ars ipsa prieoiiut, habimuiH ooiihuh aUipuili 
Goqunlea numovo, undo cognUiu ixu pntobit, ot iudo tria latoni 
ti’iaiiguli moi’Q suo inuotcscot.” 

To explain the language of tho pt'oel' 1 aliould add tliiil; 
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HUin uC Uu! k1<Iuh will 1«> 'Jaj. Tlmviifont .IID will bo ociiial to 
.U- - () (1 i'('i miiiUH (5), imd All will bo miuiil to 2.'u - (2 von 

(loinjitiH iJ) j lioncjo //“ {j\1t in ho) will bo -G;« (4 (ioiimi« 

ot 2,1 ilninptiH li inlmH), iind 7I/J“ will lio ,1:1!“ ■!■ 3(i - Oia 'Do 717/ 
ho n<l(ln A 77“ (((uodrtiluui do 10) wliioli in lOU, imd ntiitoH that 
(Jto Hiiio of tho two lit otpml to AH'*. 'I’Imh bo Hiiyn will givo 
iJm valiK! of It:’* (iHinmiit), wliouttti a knowlodgo of m (oogiiitio roi) 
(!iui )io olilniuod, aiHl llio ti’iiuiglo dotoviiiiiind, 

'I'd oxproKH tiiiii ill tho liiiigutigo of modoni idgobt'ti wo liiivo 
AH '* - na^ - All*- 
yU7“-d// .//7“-7J7/, 
tint by till! gtvon iiiiiiioinoid coiiditionH 

s\a- All HH), 

A<} V A lU.^ A {IHI-\-J)H) '.:\a\. 

Tli<n'(dbro /l/»' ami 77/7 ;i ^lo- (!. 

1 1 (moo (i;.! 100. 

h'roiii wliitdt m i!iiii bo found, uml all Ibo oioiiutiilH of blio Iniinglu 

dot(<i'ioiiU!d. 

It ifi worth luitioing Unit HagiomoutinniH inoroly aiiuod at 
giving II gtmond im'l.lmd, ami tlu! immliiiVit tiro not oho.son witli 
any Mpooial rolbrom'o l.ti tbo imvtioular probiiuu. Tliuit Im dooo 
luit HtLiim|it in Lim Hguvo givtm to nmlco (IK anylliing UIco four 
tiim'H iiH long UM 7i'77, and Him?o «i in ultimatoly I’ouml to bo 
o()iml lo J'.Vl, lim jioint /> roally fallH (mUildo tlin biiHo. 'I'ho 
h'ttoi'H .1 lUi uitfd to di’iuilo tlu» trlimglo am of oourmi durivod 
from Ihn (Srttck ordor of tlio lotltuu 

Wtmm of tim aolutionH wliiuli ho givtin nm unnoco.sHiirily 
ooniiilioiiloil, but It innat howovtsr bti rinuoiidn»rod tluit algtOira 
and trigonomcitvy warn atill tmly in tho rlnitoricid Htago ttf 
tlovi'hnuiiont, ami w'hoii ta'tay Klt'p of ihn iirgumout in oxim^HKod 
in woi'da III full huigtli it in by no iiuuuih oaity lo ivalizo all tliat 
Ih uonlainod in a formiilii. 

1 1 will bo obHorvinl fmiii tlio ubovi^ itxamiiln that llt'gionion- 
tanuH did not h«‘HiUil«* In apjily algobra to tlm Holution ol 
goonu'triuid probloniH. Aiiotimr illuHlmlion of thiH iH in bin 
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sohition o£ a pi’oblom which appiiavH iii 

dkania. Tho problem was to WHiHU-iict a hiwinjj; 

its aides of given longths, which should bti iiiHtu’lhalilo in n 
oirclo. Tho solution, which ho enhoiod by jm^ana of trlgono- 
motiy, was published by Murr at N'liroinborg in 1 780. 

Tho l)e t/f'iangiUis which is tho oivrliost iiuiihu'ii ayHloiiiatio 
trigonometry was immediatidy followed liy im algolira and arilih- 
motio ontitlod Ahjonlhmm ihnumdridns, [lubliulKul at Niirmii- 
borg in 153'1. TIuh book contains tlu» (Hirlh'sl; known iiintaiUH'w 
of tho U 80 of lottors to donot<» Icnown as well an niilcnown 
qiiautitioH, and thoy aro uawl in t!io domonstralioiin of Iho rnlos 
of avithmotio as well im of algobra. It is iirolialiln tlial. tlm 
book was not gonorally known until it was priniod in Ihill. 

I may however note hero that it constantly liHppnns in the 
history of mathomatics that iinpnfvomcnls in ntitation ni' dis- 
coveries ai*o made long hoforo tiny aro gonorally adojitod or 
their advantages roaUml. Thus tlio ntuno thing may ho dis' 
oovorod over and over again, imd it is not »mtil tlio gi'iioral 
standard of knowlodgo requiniB soiiui smsli hiiprt>viuiiont| or 
it is uiifoi'ood by soino one whoso /oal or nttainiiionts iioiii]sd 
attontion, that it is adopted and bouonu'S ])iirt of tlio noloiion, 
Wo shall sue tliat 'Uogiomontanns in UHing loltm's or synibtihi 
to ropi-osont any <iuantiti(iH whieli oiiuu)' in aiiidysiH was morn 
than a century in advanoo of his eoiiLomporarins. A similar 
notation was tontativoly iutrodiUMsl by otlmr and biinr inatlio 
mabioians, and it was not until it liud linen tlmii indnpoiidoiiidy 
(UseovoriKl several tiines tliat it eanie lnl.o general use. In 
point of timo tho book is tlio oarliostsynoojiated iilgnlira writton 
in Europe. 

Bosidos tlioso works lloglomontamiK h'Ct heliiml tliren trauts 
on astronomy, and a largo mnnlier of Inti, era whieli all'ord 
muoh valuable information on the matliemalii^s nf that ago. 
Tho latter worn collooted and edited by Murr, Nuremberg, 
1780. 

Althougli all thu nlgobmisbi of tliis time were Italiaiis, yet 
algorism — tho art of pmotical urithmetie — was alse studied 
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in (Iciriimiiy. 'I’lio (lormiiii iil^oviKtH wm-o Icish 

loUdn^l 1i,v tnul tmiUUoii, aiii1 inbvoihutitd somo iin- 

piovi^nii'iUn in in)bai-inn W(»m liuvdly likoly to ooour to 

[in Itiiliiin. Of Utoiio t.lio imiHt prnniinont wio'o tlio introcUiu- 
tioii [if (lio oiiiTJMit HynilM»lH fin- nildition, Hnlitvaction, ami 
iit|ua)ity. 

'I'lio oai'lioiil inahMiot'ii of Uio uho td' tlio idii'int -I- iiml - of 
wliioli \vi' Iiavn any kni>\vlnilf{o <i<;our in tim Mi’rv.iintiJi', arith- 
•nwiUy* III' Jtthftna Wlrtmau nf Kj'or, jiuliliHlnid at linipziy 
in MH'.l. 'I'liny ni’o liowovnr imt naod liy liini iih Hymliola of 
nporation, Imt apparontly ninroly an iiiarlcH liiipiiCyin^ oxcokh or 
didioit'iioy. 'l’ln^ l•^n•l•l>Hpondln)< uno of l)io M'ortl mivphiH or ovor- 
phiii (lU’o Lnvil. XXV, *57, uinl I Maorali. x, 1 1) in alill riitainod 
in I'niiimorro. It In notiooiilih* tliiit wiOi viny I'mv oxoopLioim 
tliriio iiiipin only m'onr in pruolind nicrraiililo ipioHlioiiHi Innioo 
it linn lioon I'onji'ftnri'd tlial. tliny wt'i'o originally waroluniKo 
nuirlui, Soinii tiindn nl' /'onitn worn luild in anort ol’ woiidou olnmt 
»!all<'d a liiijit, winoli wlion lull \viinupjniroiilly oxpoiitod to wol^li 
roii^'lily oitlior iJiron or I'onr c.iuititm'H; il‘ ono of tln'Ho oiinon xvan 
a lilllo li}(ltlor, nay •'* Mm., I.lmn four I’cttlnorn Widninit doKm’ili(‘H 
it an ‘Ik 1) Hn', : if it wan 5 IKn. Iioavior (lian tlio norma) woi^ht 
it ill donorilii'd itn *)■' I k ami llmi'o nvo iiomo nli^lit voiiKonii 
for thinkinK lliat tlanio niarka worn ohalkod on to tlio oIiohIh an 
tliov ranio into tlio warolainami. 'I’la' nymliolii aro mind an if 
tlioy Monlil lio familiar lii liln roudi'ia. It will lui olmorvod Unit 
tho vortii'ul lino in tlio ayndiol for oxin-nn printod iiliovo in 
noniovvliat nltorlnr tliaii Urn Imrl/ontnl lino, 'I’liia in iiino Urn 
I'lino with Slifol am) iimat of tho oavly wriloiH who nnod tlio 
Hyinhol : iionio pronnoa I'oiitiiiuod lo print it in thin, itn oarliisnt 
form, up to Iho oml of tlin aovouloonlh oontury. Xylandor on 
tho olhor hand in lh7h lata tIm viirtionl liar niuoli lonnor than 
tho hori/onlal lino, and llio ayaihol in Homothinj^ liko ’I'. Wo 

• Hi n ua nUlnlo l»y I'lof. da Mori^na la tho fnKi/>rat//i I'hihmphlml 
VV.ooarf^.am, Imtl, p. yuil; and miatiti’r I'liai'" Huiiiiiniiimiinl in llni 
Jluni-lhui <ll ttihUtujfiiihi... far lM7«, \u iMM. Wlilamii wiih inolmlily a 
jihyi'lolini. 
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infer that the mow) usual ciiso wflH for a (ilumt to woi^ii a littlo 
loss than its roputod wolfjht, and as tlio Hign -- platind liotwooii 
two numboi’8 was a conmion Hyinhol to si^oiify Homo ooiincct ion 
botwocii thorn, tlmb sooins to luivo 1 j(!oii lalcon as tlio Htiimliird 
oasG, while tho vorticid bar waH tH'i/finally a Hiimll marie mijior- 
acldod on tho sign ~ to distiiigaiHli Llio two aymliolH, 

.1 am far fi*om saying that this luicount of tho origin of our 
symbols £or^>Zi<» and iiiittUH is ostidtliHlmd lioyond doidtt, but it, 
is tlio most plausihlo that has yot lioon advtiiuH'il. Anot.Imr 
suggoatod derivation is that + is a eontraotion of' 1)’ tho init ial 
lottor in OldGormmi of plus, while - is Mm lindting foi-m of v/a 
(for minus) when written rapidly, l.h’of. d«i Morgtin in bin 
Anihnctkal Booku, ]'s)ndoii, 1847, l>. 10, prnposod anoMior 
dorivation. Tho Jlindoos Houiotimos usjnl a d«il, (,»> iiidioatii 
Huhtraotion, and tills dot might ho tliouglit liavo lioou oloii- 
gated into a bar, and thiis givo Urn sign for ■mhi:nn\ while tho 
origin of tho sign for jAna was dorivod IVom it by a fmporaddod 
bur as oxplainod above: but I tidco it that at a late)' I, into lio 
abinuloued this theory for wliat lias boon ealltid tho wurolimifio 
explanation. 

I Hliuuld perliaps hero add that till tho liioso of the aiS' 
tcontli century tlio sign -i- conmiuling two ijuantitioti like a and 
h was also used In tho kouho that if a were (akon ns I lie aiiHWor 
to some (jnostion one of tho given eonditions would bo too littlo 
by Z', Tliis was a relation which eoimtaiitly oeeurroil in solii' 
tions of ijnestions by tlio rule of false iiHHum|)tiou (non o.g, i>. Uh), 

Lastly I wonid repeat again that tlioKO Higiis in Widman are 
only abbreviations and not Hynibols of o[ioratiou ; lio atbiohod 
little or no iinportanoo to them, and would im doubt have 
boon ninam!d if ho luul been told lliat tlmir iiitrodiiotinn was 
preparing tho way for a complete rovolutiou of |.)m proeesHOfi 
used in ulgolnu 

llogioiiumtanuH did a gniat deni to dovelopo iistrounmy 
and trigonometry, but his algohva was not pultliHlmd f ill Ibll l ; 
Widinau’s work was not known outHhlo (lormiuiy; and it is to 
’Aicioli that wo owo tho introduction into Italy of syneopatod 



PAOIOIil. 


187 


; that in tln» UH»of alibroviations for curtain of tlio movo 
(loiinnon alj^aihraicul quautithm and oporntiojiB, but wlioro in 
tlunii Ihti orayntax aro ohnorvod. 

Lii.i'dii Pacioll, Hinnobimoa known aa Luma <li Jhinjo^ and 
uuiiHil.iiiioH, lait niorji rawdy, aa lA(cm Vacioluit was horn at 
lbii'j?ii ill Tummiiy alnaib tlio iniddio of fcho iU’tiumth contury. 
Wo know vory litllo of )i5a lifo oxcopt that ho waa a niinorito 
I'l'Iiii', and that ho hictni'od on niablimnatioH at Homo, l?iaa, 
Voiiioo, and Milan ; at bho labtor oily lio wuh tho (ivat oomipiint 
t>f a ohair orniatlioinatioH fonndod hy Slorza: ho died at Floronoo 
about tho yoar Ihll). 

Mill iddi'f work waa jivlnfcod at Voiiico in ilUl and is 
tio'ini'd SiuiiiHit f/»i arifhmvliiui, i/mmvlnUf pyo]ior^io}d « 
/iokIohii/Uk, lb ooiiHintH of two parts, tho hvab doalinj' with 
lU'itliinnlio and al;i;ohva, bho aonond witli ^'oomobvy. Tiiis was 
tho narlioab |ii'iid:od hook on uvitliiiiotio and id^ohra anil it is 
roitiidod on (ho wrlMn^H of Moonardo of I’isa. 

I II tho uriMiinotio ito ^ivos ruloH for tho four minplo pvoooKKOH, 
and a motliod Cor oxtraothig sipiaro roots. Ilo doids protty 
I'ully witli all i{Ui‘Kttoiiii connoolod with moix'-aiitilo arithinotiu, 
ill whioh lio works out iinniorona oxuniplos, and in parlumlar 
ditaataiioH at /.(rrat loogih liills of oxoliaiigo and tho theory of 
hook lo oping liy doiiido oiitry. This part wan tlio (irst nys- 
toiiiatio oxpnsitioii of idgoristio aribhiiiotio and 1ms lainn airnudy 
alliidod to in »iliai)fnr xi. lb mid (ho Hliiiilur work liy Tavlaglia 
aril tho t wo slandiu'd aiithorit-ioK on tlio Hidijoub. Afost of tho 
prohli'ioH aro tiolvod hy Iho inotliod <il' fulsn aHHiuniiliou (suo 
|i. ilfi), hot llioro aro miiiim'onH muuorioid miHlakos. 

'I'iio lollowing oxninplo will mirvo as an illuHtratinn of (bo 
kind of iiriMiniotii’al |frohloiim iHkohshimI. “1. hny" saya lio 
“for Id'lli diirids at Wnh’O ‘d-UlO migar loavi's, whoso iiott 
woight is 7Utll) liri’ ; I pay iw a fro to bho ngoiib ‘i poruont. ; 
(o llio woiglii'ix anil portoCH on llio whole, U ducats; 1 aCtiu'- 
wards M[ioiid in hoxos, oords, oauvas, and in loos to tho ordinary 
pai'ki'i/i ill tho wltolo, 8 durutH; for tlio tax or oolroi duly on 
(ho Ili-Hl; aiimiint, I duoat pov tionkj aftorwurds for duty and 
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tax a(i tho olFioo of exports, ducalH por cont, ; I'oi’ 
directions on tlio boxes wul booking tlioir paHHiig.i, 1 diuiut ; 
for the bark to Rimini, 13 dueals; in ooinplimonln to (lir 
captains and in drink for tbo crows of armed biirlcH on wwonil 
occasions, 2ducatHj in exponsoR for proviHions for niymilf and 
servant for ono inonfcli, 0 dunatH; for oxp(mH(!s Ibr Hovt'ral nliorl. 
journeys over land hon) and tli<*rc, for Imrliiu'H, lor waitliing ol 
linen and of boots for inyscdf ujul sorvant, 1 (buiat ; upon iny 
arrival at Rimini 1 pay to the wiptain of tho )ioi-t for 
duos in tbo money of that city, 3 lir<'; I'or porliU's, dinom 
barkatiou on land, and carringo to tho miigazino, 5 liro ; tm a 
tux upon entrance, 4 soldi a loud whi<di uro in mimluir .‘12 
(such being the ovistom); for a l«*oth at tho I’uir, -1 uoldi poi' 
load; I further find that the nusisurou imod at l.lio Diir aiv 
difforout to those usod at Venice, and tlitit Ml) lire of weight 
are there cijuivalent to 100 at Venice, and that d liro of tliidr 
silver coinage aro eijual to a ilucat of gold. 1 ludc tlioi'idbro, at. 
how much 1 must sell a hnndrod liro Rimini, in ordor that I 
may gain 10 per cent, uiion my whole mlvontiii'i', mid wliivt ia 
tho sum which T must rccolvi* in VeiuiLiau money 'f " 

la tho algohra he linds expressions for Ihn aiiin nl' tlii' 
squares and cuhos of the first ?i natural MumhorH, 'I'lm iargiu' 
lialf of this ])art of tlui hook is taken up with aimpio ami 
quadratic etpiations, and ]>roblemH nii numliora wliicli load to 
suoli uquations. It may he noticed that all liiii oipmlions are 
innuorical, i.o. lio did not rise tn the comioption of roprononl ing 
known quantities hy lettei'S as is the inuio in modern algidira ; 
hut M. Libri gives two iustaniK'H in wliioh in a proportion 
lie reprcHonts a number by a hd.ler, I’mdoli oonlinoii liiii 
attontion to llio po.sitive roots of equations, I in 1'oIIowh t he 
Arabs in calling the unknown (piantity tlie //iio«/, in Italian 
cmi*, or in fiatin m, and sonietnnos doiiotou it by A! or A'/'. 
He calls tho square of it xmmin or census and soniol.iiiion do. 
notes it by,^; similarly tho eulio nC it nr mini ia aoinotimoH 
reprcHontod ’by O', hut no ahhreviatioiis are unoil for Ibi' 
* Ilonoo algebra was floimilinioH Iniewn mi the tiimHle ai l. 
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hi^'hor pinvoi'H, hlujH tl«» fimrtli powoi- ov cmno di oamo is 
wriUoii III. mul ho on. jlo inilii-atim lulilition and 

i’i|iiali(y I'y till' ioil.ial lolturH of Mui woviIh pluH luul mjmdk, 
liut ln' ^I'lioi'iilly iiviulim Ihn iiil.i*o(lunU<m of a Hymliol I'ov 
liy wriliiif' liin i|miiitil.ioH mi nhIo of tlm oquaUoii wliioli 
miilcoH lliom iHitiillvo, UimiKli in mio or two jdiicos lio donoton 
il. liy f/r I'or dmo|»l.uH, M'Iuh iiiat-IcK Iho lioiiimoiiiumumt of Hyn- 
(!0|iiil,i'd iili'nlirii lor Mto work of Uo^ioiiioidaniiH was nob 
]ii’in(i^d bill Udl-t. 

'I’tio following In Min nilo «lvnn liy VaoioH for Kolving a 
miadnilio nuimblon of Min form «• jfc in rhoboriciil and 

nob Hyiu'o|iiUfil, and will Miua idiio anrvo bo illuKbrato blio incon- 
vniiioiK'n of llntf. ninUiod. 

•'HI roll nl. nmiana iniiiinro nomniianbur, a rolam 
diinidin aum|>lo ni'inann {irodiianvo iIiiIioh, 
ad<]t’i'i<i|un noionro, niijiia a radirn tobiim 
hillo aniniii rniMiii, nnimim lalmujiio riidilijb/' 

Tin'll' ia nolluiig al.iilcing in Mm ri'imllH Im arrivoa at in 
dm Hivoinl or gi'ono'brlnil jmri. of Mm work; nor in two otimr 
triml'i on gnTim'lry wliinli Im wrolo ami wliioli wni'o |irinti)d 
ab Vi’iiirn in IkUH ami IfiOll. lb nniy liownvnr lin nobiciid 
Mtab likn ni'gimnouliinim lin apjilind iilgnlira to aid him in 
invi'Hbignling tlm gnonmbrinil pro|im-MnH of ligiiroH, 

'rim following |o'ol»|oin will illuairaln ilin kind of gnomo- 
brii'ul ipmiilionH Im aMimkod. Tlm radiim of llm inHoriliail oirtdo 
of a Iriangln i>< I iimlma, tiiid Mm Hogiimnta into wliiuh nim aido 
hi lUvidr'l hy Mm imiiil ipf rontnnl arn li iimlmH ami H inuImM 
rnainu'iivi'ly. I >rloriuiim Mm oMmr Hidna. 'I’o hoIvo tiiiH it ih 
H iillliiii'iib lo ri'toiivh Miab '-.yii (a /i) (w - a) whioh 

givi'M l.i sTi -I (.1 11) 'll *. H, hoimn h bil; tlio loijuiri'd 

Hidi'X am til -tl and ‘.M H, i,o, Ifi and 111. Hut l.’iuiioli niaki'H 
no mm of Mmnn foiiotilm (willi wldnh Im waa imi|iiainti'd) lait 
givi'H an rlaUii'afo gnoiimtriniil immifrin'Mon and ihnn uhi'h 
idgi'lira (o liiid Mm loiigtliH of varimm Hi'gnmnbH of Mm linoK 
lin wiinbiH. 'I'lm work novniw Mtiitn pagna of IiIh hook and Ih biin 
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long for mo to reproduce hero, but tlio following umUyKiK of 
it will afford aulfioiont nmtcrialH for iiv. roiiroiluclion. Lot 
AJiC be the triangle, D, tbe points of iiontiiot of the 
sidea, and 0 the centre of the given oireli), J jot .// bo the 
point of intorseetion of OJi and and A tliat ol ()(! ivinl DJii. 
Let L and jliT bo the feet of the perjMindieuInrH drawn IVoni 
E and F on JiO. Draw JC/* pandlol to A A and entting FO in 
J\ Thun Pacioli doterminoH in suaumsion tlui ningiiitudoH of 
the following linea: (i) OH, (ii) 0(/, (iii) FD, (iv) FI/, (v) FD, 
(vi) EK, Ho then torniH a (inadnitio oiiiuilion fioiii (bo 
solution of whioh ho obtains the vahms of All! and jI//A 
Similarly ho .IIihIh the vnlinia of L(! ami LI). I In now linds 
in snocoHsion the values of EE, .A';!/, Fl\ and LP and tlnui 
by similar ti’iangh^K obtains the value of A H wliieli is J Jl, Tliis 
proof was, even sixty yciurs later, cjuoted by (Jtii-dan an “imioin- 
I)iirably simple and exeelbmt, and the vory crown of iiiiilbe- 
matics,” t have nioutlonnd it oluclly to illustrate bow involved 
and iimb'gant wore the methods of even tlui greatest iiiatlni- 
matioians of tltis time. The problems etiummitiul are very 
similar to those in the 7>« tnnwjidh of Itegiomonliinus, 

An account of Niculawt OopornicuB, born at 'riiorn,<iii 
.U'ob. 19, M7.‘l and died at Jfraum\berg on May 7, ID'iJl, ami 
his eonjecturo that tho earth and planets all revohmd roiiml 
the sun belong to ustronoiny rather than to nmthoiimtics. I 
may however mid tliat (.'eporiiicus wrol,o a short te.Kt btiolc on 
trigonometry imblmlied at Wittenberg in Ib'l!! wliitdi is very 
clear though it eontains uetliiug new. 1 1 is ovident from Ibis 
and Ills astroneiiiy that ho was well read in tlin lilendaire of 
inatliomatics, and was hitnsolf a nmtlienmtieian ol' cumcderalilo 
]iuwer. 1 describe his statement as to tbo molion of the I'arlli 
as a conjecture because he udvocabid it only on Ibn grouml 
that it gave a Kiinjilo explanation of nalaual {diemmiena. 
Galileo in 1(132 was the first (o try to supply anylbiiig like a 
pi'oof of this liypethesis. 

Tlio sign now used 1;o deiiule etpuility was intriMlms'd by 
liohH Uocordo, Ibjcorde was born at 'Peid)y in Pembrok(t- 
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uliiro iilwuil. If>l() null iIuhI nt. lioiuUm in 1558. Hn onlimid at 
{hxfonl, ami ulanlm-il ii fnllowKliin at All Huula’ OolUii^, in I 5 :ii . 
Im tlmii Id (Jiiuiln-i(l|ru, wlmi-o Im took a doi^ivo in 

iiiiulioiiio ill Ill) ilinti rotunioil |,o Oxl'ord mul lootuml 

tlion', Imt liiially mit.tliMl in l^nnloti ami baoiiniii ]iliynioian to 
Kilwiinl Vi. iiml Mary. I liiivn almuly alluili!(1 {hoo pp. 1G9 
ami 17-1) to Ilia nrithnioliu piiblmlioil in iri lO, A f'ow yoara 
lator, in IfifiV, lio wmtn an alKolmi in svliioli ho hIiowoiI' how 
tlio Hi[niu'o rool. of iilj'id.raioal «i.\pm«iioim (loiild ho oxtmotod ; 
ho ahio wi'oto an aal.rnuomy. 'I’lmno wovlm |riv(, ^ vory oloar 
viow of tlio l<no\vli>d;p> of (.ho (.into, 

'I'ho iii^m for o.pialh.y hi linil. naod in Ida antliinotio, ami 
ho iiayt; Im aolooloil l.hnt parl-ioulnr nyndiol hortiiiao than two 
piu'alh'l iitndj^ht liimii no (.wo |,|nn«H ran ho inoro o(|ual 
M. Oharloa llmry lian howovor poinlod oul. in tho Umut 
Ai'i'lt'uilMijujihx for |H 7 U (.|m(. i|. hi a not. niioonuiion aldivoviatifin 
lor (ho word <Ht in lunliioval laanmiiTipta ; and thin would 
aconi to point (o a nnn'li nioro prohnhln oriftin, 

lloooidi’ alao oiMployoil ilio iijf^na I for p/aw and - for /nman; 
and thi'i'o am latni. traooa of Ida havlnj? imod ihom aa ayinholH 
of oponit'ioii and not. an laoro uhhrovialioiai. 

Mii'hml Htifo! iionu'dinca linown l*y tha l/din nanin of 
wna hian at Kaallni'rn in l IKIi amt diod at ilona on 

Ajiril Ml, IhliV. 1 to waa orif-innlly an Aiifpintiim nionic, hut Im 
ai'i'optcd llio diii’lrinoa of l.nihor, i»f whom ho waa a pommal 
IVii-ml. Mi' lollii na in Ida alf>ohra that Ida oiaivoirtion waa 
liiially d*'loi ndiind liy nolioinf' (1ml. (ho popo Loo X. waa tho 
lu'iiht laonlionod in iho llovnlulinn. To alanv thia it waa only 
la'i'DDuiry to mhl np ilio nninhorn roprosonlod liy (ho lotlora in 
1.00 dooiiana ((ho /« Innl (o ho I'ojmtrd aiiioo il. ohiarly atood 
for iiii/ati and ilio rcanh. luiaanita In o.saol ly tmi hiaa 

than (h'lO, (Iota diatinotly implying (hat it waa Loo (ho tonth, 
l.nihor a<'oi'|ilt'il Ida aonvoraiim, hut franhly (old him ho Inul 
hotloi- oloar Ida laind of any noimonHo uhoitl tho uumhor of tla' 
honnt, 

1 tninohily for IiiiiiHolf Slifol did not. imt on thia advioi', Ho 
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lioving that ho had discovorod tho fcnio way of inUirin'otiiig tho 
biblical pvophocios, ho aiiiioiinctsd that tlaj world would onino to 
an ond on Oct. 3rd, 1533, Tho ponsniitH of llolzdorf, of whioh 
placo ho was jwxator, knowing of his Hcionliiio I’cipufciilioii iio- 
coptod hia naauranco on thiH point. Homo gnvo tlioinH(tlvoH up to 
voHgioua oxQi’oiaea, others wasfcod thoir goods in (lissipaLioii, but 
all abandoned thoir Avork. Wliou tho day forotold had passod, 
many of tho jHinsiints found thonisnlvos ruiiiiul : Cnrioun at 
having boon doeoivod, they somtd tho unfortniiiito projihot, and 
ho Avas lucky in finding a iiifugo in tho prison at VVittmiborg, 
from wliioh ho Avas after somo timo roloasud by tho jiorsonal 
intorcossion of Ijutlun’. 

Stifol Avroto a amall troatiao on iilgobra, Imt his ohii'f iimtho- 
matical work isliis Arillmtitka inUuira imblisliod at Nuromborg 
in 1514, Avitli a profaco by Molanolithon, 

Tlio lii'sfc two books of tlio Arilhjiidim inhmra deal witli 
siu'da and inoommoimuraldos, and iiro I'hioHddiiii in form. I'lm 
third book is on algobra, and is sotmitimoH siiid to luivo intro- 
diAccd tlio study of algobra into Oormany. 'I'liis lioAvnvor is a 
niistako, for it is stated in it that a largo part is talcoii from 
tAvo previous Avritovs A. lUoso and (1, ltiulolj)li, liut how imioli 
of it is duo to thorn and Iioav lunoh to Hlifol is not known. 

This Avork is ohioily notlcoahlo for having tiallod gonoral 
attention to tho Goinnan praoticn of using tho nigiin -r and - to 
donoto addition and suhtmotion (suo p. 174 and ji, 1H5), Thorn 
arc faint truces of their heing occasionally oniployod liy Htilnl 
as Hymhols of operation and not only as alibroviiitloim; wliidhor 
this application of thorn was noAV or whotlior it wiin talcon from 
Ru(lol])}i is doubtful, but the prevalent opinion is tlmt it aviik 
original. Htifel also intwidmxHl tho sign of J Ibr tlm s(|imro 
root, tlio symbol being a corruption of tho initial Intlor of ilin 
Avord nn/i.r. J’jike Piioioli lie used alihroviations for (ho Italian 
Avords Avliioh represent the unknown ijimiility and ils poworn. 
It Avould Hooin however tliat lie made a Ciirthor atop forward, 
and that in at least one case AvIum tlmro wore sovmal niiK'iiowii 
quantities he roprosoutod theia reHiioctiveiy liy tlm lol.tors A, 
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C', & 0 . J.t iiHO«l to bo Haiti that lio was the real iuvontor oC 
iof'arithiiis, l»ut it ih how ctu’taiii that tliiH ()))inion was duo to 
a iniHapprolKuiHijm of a passago iu which ho ooinpaniH goo- 
inoti’ioal and aritlnnt'tical j)it)gr(!HaionH. 

Nimihi FontHua, gouorally known ns Nicholas Tartaglia 
tiiat in NioludaH tlui Htiuiiinoror, was luivn at Ib'cscia in IfiOO 
and diod at Vonictj on JJoconibor M:, inhi). After tlio cap- 
ture of tho town by tho Frt-noh iu Ihl^ moat of the inhabit- 
autH took vtd'ugo in tho oathodral, and wca c tlimo iniiH.satirud 
by tho HoldiorH. IMh fatlmr who was a jiostal mosstmgur at 
UroHoia was amongst tho kilhid. Tho boy liimscOf Imd liis skuil 
split tlirougli iu bliviso pIao(!M, Mdiilo both his jaws and liis palate 
wor(' out op««j. ilo wuH hjft for (hnul, but liis mother got into 
tho oatlnalral, and linding him hUII alivo imvnagud to cai-ry liiin 
oil'. l)o[)riv(Kl of ail rosouroc-s sin* rooolhictod that dogs wlum 
womulod ulwayH li«ilc»sd tho injured )>]aoo, and to that roinody 
lio attributod Ihh ultiniaUi r<!ijov«uy j tho injury to Iiin palate 
produood an impodimont in liis Hpcuioh from whitili ho rouoivod 
his iiioknanio. ,11 is mothor nmnagod to toaoh him iiow to 
road and wi-lto, Imt ho poor w(a-o they that ho tolls us they 
oould not jillbrd to buy paper, and ]io was ohligod to niako UH(i 
of tho tonibstomiH on whhih to work Ida oxoi'oiscH. 

Mo oommomsod liis public life i)y Jootuving at Vorona, but 
ho was appointcsl at Hotm» tinio bolbro Jfilirj to a ohiiir of 
muthoniatios at Vonioo, wlion^ ho was living wlmn ho liooiimo 
i’anmus tlirtatgh his nccoptainui of u (diallongo from a om taiii 
Antonio del Fiori. Acconling to this ohallongo .Viori and 
Tartaglia woro to doiMwifc cortaiu staki's with a notary, and 
wlionvor could koIvo tho most piHhltmis out of a oolhiotiou of 
thirty jmiiioundod by tho othor waa to get t!u> stakiis, thirty 
<lays heing allowtsl for tho Holution of the i|iioHtionH proposoil. 

Ji’iori had loarnb from his niuHlor, one Scipiom Fwro (wlu) 
diet! at llologna in 1020), an ompiriual solution of a oul)i(! t>(|na- 
turn of a cortaiu form. TIuh Holntiun was jiroviously uidciiown 
iu I'huopo, and it is prohahlo that Fom) liiul hamd tiin result iu 
an Aral» work. Tartaglia know that liiH iidvoratiry was thus 
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pi'opavctl, a\ul Biiapooting that tho quoatioiiH in-ojXiHtul to him 
would all dopoml on tho solubioii of culiic (iqiiatioiis sttli liimaolp 
tho problem to /iiul a gonoml Holufciou. ll iMHolutioii ia biiliovcd to 
have dopomlod onag(5om«tri(5al couHtnioliou (hoh p. ilOO), bub ](i(l 
to tho formula which ia often, ))ut uiijuably, tli^suviliixl iin ()iirdiiu’n, 

When tho conteat took place tlio (putHtimm pi'opuHdd bo 
Tartaglia wore aa ho had auapootcil all rtxliKubiti to blio h{)1u- 
tion of a cubic ncjuatioii, and lu» auciiuodod within two Iioui’k 
ill bringing them to pnrtioular caaca ol' blio o(|Uiil;ion i c/, 
of Avliich ho knew tho aolutloii. Ilia o|ip()nmib luiloil to hoIvo 
any of the pvobloma propoaod to luiu, 'I’arliigliii wiih bliorofort' 
tlio conqueror; ho aubHoquontly coinpoHcd hojiio voihuh (loin- 
momorativo ofhia victory. 

l lhs oliinf worka arc aa I'oIIowh, (i) I I'ih iYiniii, mioittut, 
publiahod in ir»;i7, in which lie invcsbigiitiiil llio liill of hmllou 
uiulor gravity and the range of a projeebilo ; bn Htatod bliab blio 
latter wtiH a maximum when the angle of )n'(ijeetioii wiui 'Ifi", 
but tills KornuK to have Imeu a lucky guoHH, (ii) A u iiritlnmdie 
publialiod in two iiarta in ir»fiO, wliinli ia voriioHe liub ahbt, 
(iii) A treatise on mnnhoi’H, puliliHliml in lour parta in IfiOd, 
Aiul somotimOH treated as a continuation uf the Hvlbliiiiebio : in 
this ho showed how tho coe/lieinnbH uf ic in biin e.vpaiiiduu of 
(l+iu)'’, Ji being a poaitivo integer, could bn cuhnilabcd from 
those in tho cxpanHum of (I •no)’' '' for bhn wlieu n in 
equal to 2, 3, d, h, or (I. It ia hnlicveil lliab hn altin wrutn a 
troabiso on algebra and thoHolution ofeubie ntpmblniiH, bub no 
copy is now extant, 'riie other worka wetre (inlluelitd into a 
Hiiiglo edition and ro-publialied ub Yenice in KlOd. 

This breabiKo on antlnuetie and immlierH in bim cliieC au- 
thority for our knowledge of the early 1 baliau algoriani. 1 b la 
verbose, bub gives a clear noenuiib of all bhn tlilli'rnnb aribli- 
moticiil inutliods tliou in use, and has muimi'iiiiH liiaboriciil nod'K 
which as far as wo oim jiulgn are rolialiln, ami are bhn autheri- 
tios for many of tho HtateninntH in blie IhmI, ehupber. hilce 
Paoioli lio gives an iinmonso mnnber of iiuestiona on every 
kind of problom whicli could occur in nu'rcuntiln aribliniebie, 
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iind inakos wwoml nttoiiiptH to fiumo ttlgobrnical fnnmilm snit- 
ublo for piirtioiilar problonw, 

'I’luiao probloniH givo iiioidontidly ti good doal of inforuiation 
aH to tli() ordinary lifo uiul comiiiomal cuKtoiiiB of tlio time!, 
TluiK wo Ilnd tJnit blio iutoront domaiidod on (irab clana Hoourity 
in Vonioo rangod from fi to 1‘2 ]Kn' ooiib, a yi'ar ; M'liilo tlio 
iubortJHb on ooimnoroial tmuHiictions raiigod from 20 por c<!nl:. 
a year ii|j\vHrdrt. TnrUigliit ilhmtvafcew tlin ovil ('llbcts of tho, 
law forbidding naury by tho miiiimir in wliioli it was ovadod 
in farming, b’lirmora who woro in (hibt M'orcj fovcod by tlioir 
ortidibors to wdl all tlioir oro]iH Immodiatoly aftor tho liarvost, 
tho marlcob boing fchuH gluttod tlio pruio obtiiinod was vory low, 
and tlio monny londors imrohasod tho oorn in opon iiuivkot at 
an o.xtromoly ohoap rnto. Tho farmors limn liud to borrow tlioir 
snod-oorn on oondition that tlmy roplacod an oijiial (juantity, or 
paid tho than prico iif it, in blm inoutli of May, i.o. wluin oorii 
was doavost. Again Tartaglia, who )nid hoon askesd hy tho 
magistraljOH at Vorona to fiiiino for thoni a sliding soalo liy 
whioh till! pHon of hrornl would ho lixod hy that of oorn, ontors 
into a dismiHNiou on tho priiioiplos whioh it was thoii sup|)osoil 
should vogutato It. In anothor placo ho giros tho rulos at 
that timo ourrontfor pro(iaring modioiuos. 

Paoioli had givon in Ids avithmotio Homo (piostions of an 
amusing oliaraolor, and Tartaglia imibitod him hy insortiiig a 
largo oollootion of malhomatioal pu/7.1os. Jlo half aiiologir.o.s 
for intrmbioiiig bhmn hy saying that it was not niioommon at 
doHsort to propoHo imbhmotioal (pioations to tho oom[iany liy 
way of aiiuisomont, and ho thoniCoro adds somo suibihlo pvoh- 
loins. Qu(!stiojiH on Imw to giioss a munhor thouglit of by oiio 
of tho oompaiiy, or tho rolubhinahips cuustid by tlio marriago 
of rolativos, or dilUoultuw arising from imioiiHistont boquosls 
may porliaps jiass miiator as aimising ; but it oortainly sooms 
a emi'ious way of onUirtididng a piiitty woman to insist on an 
answor to so absurd a (|UOHblon aa what would 10 bo if I woro 
<1, a [iroblom on wldoli lio ovidontly pridod Idmsolf. 

1 lo givoH Kovoral qnosbtouH suoh as tho following. “'I, ’horn 
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arc three men, 3 'omig, haiulHoino, ivml galliint, who Imvo tliritn 
beautiful ladies for wivas : all aro jiniloiis, uh wt'll the IiuhIihikIh 
of tliQ wives iw tlio wives of the huabiindH.... 'I'lie)’ (iiid on 
the bank of a river, over whioli they have to puHH, 11 , Hiiiall Ijoivt 
which can hold no iiioni tliaii two jxu'Kens, How <!iui they 
paHS so as to give rise to no jealonHy r’ 

Other j)j*obh!ins ai*o like the following, “ A Hliip on bonrd 
of whici) thow) am iifii(«eu Turks anil Jifltaui Oliristimin, eneoim- 
tors a Htfirni and the pilot doolares, tliat in order to navi' I, hi' 
ship one-half of the jiassengin’s numt ho thrown into the non : 
the men aro placed in a cirolo, and it is agi-eed tliat lu’ery ninth 
luaii must ho cast ovorhoard, rtutkoning from a eertain j)oiii(.. 
In what nmnnor imist the num lat arranged, so that the lot 
may fall oxoUiHlvoly njxm the Turks?” 

The following is a sainplo of unotlini' eliiss ol! puz/les, 
“ Tliviio poiwniH have rohhed a g<’iitlenian of a vohhoI of lialsam, 
containing 2 'J: (aincos; and whilst nnining away they moot in 
a wood witli a glass-soller (»C wJiom in a great hurry they 
inu'cliaso tliiue vessels. At last on 3 ’eaeliing n jjlaeo of safety 
they wish to divide tho booty, hut they lind that tlinii* vessels 
contain fi, It and 13 ounces rospoutivel)'. ,1 low can they itivido 
tho spoil inU» wjual portiouB?” l‘rohlonis like this nan only 
bo worked out hy trial : Ihoro are several solutions, of wliieli 
one is as follows: 


M4< 

Tho voHSols can contain ...... 2-I 

Their contents originally am 21 
t'^irst inako their contents ... U 
.Second „ „ ... |(i 

■t’Jni'd „ „ ... Hi 

^’‘»nrth „ ;{ 

» .. ... 3 

lAist „ B 


1 3 
0 
H 
8 
t) 
13 
H 
8 


II, 

0 

11 

0 

8 

8 

8 

8 


Tiiose proldoms form tlio Imsis of tlie (tolleelinnn of niathe- 
matical rouroations by Bucliot do MO/iriao*, 1(121 ; Ozaiiuin, 
* Oldwlo Ouiptwl Iholiet ile laini at Hemg in Ifisi and 
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lC94j and M!onbiiola, 1754. Tho lattor was ti'anslatod witli 
addibioiiH by Hutton, nml tho socoiul ocUtion in 4 vols. waa 
ifiauod in London in 1814. 

Tlio liEo of Tartajflia was ombittoml by a quarrol with liis 
contonipovavy Oax’dan w]io haviii}^ under a plodgt) of Hoorocy 
obbainod Tai'bit^lia’a Holutiou of a cubio n(]uakion, ]iub]iHlu;d it. 

.llhroii.ntmin (or (rirdlamo) Cardan* wan bom at I’avia on 
Hopt. 21, inOl anddi<Hlat|toni(Hm 8opU 21, 1579, Hia carcioriH 
an luioount ol: t)io nioKt oxtruordinaiy and inoonHiistont acts. A 
gainblor, If not a niurdovor, ho was iilso tho avdont stiidont of 
Hoioiioo, solving )>robloinH wliioh had long ballUid all invostiga- 
lion ; at on(» timo hia Ilfo xvas devoted !(» iiikrigium whicih wore 
a scandal ovon in tho hixt(s>nt]i oonbiu’y, at anotlior lio did 
nothing but mv(» on astrology, and yot at anobber lio doohircd 
that p]illos<»p)ty xvas tho only snlijoct worthy of man’s attention, 
iris was thi» goniim that was oloscdy allhul to inadnoss. 

I to was tlni ilh'gitimato s<n\ <)f a lawytir of Milan, and was 
oilmiattsl at (ho univovsithis of I’avia ami Padua, After talcing 
his il((gr(!o lio comni('U(s«l lifo as a docjtor, and praotlsod his pro- 
fiission at Sa(!oo ami Milan iVoni 1524 to 1550; it was during 
this period liiat iio stmlieil matheiuati<«K and published his chief 
worlcH. yU'ttm K)Mincliug some yiiars in travcilling he retiirned to 
Milan us prolessor of mathematieK, nml was shortly eleeted to 

(llotl in Kl!)H, wi'olii fritlilvini's jiltilHunln, 1512 anil 152J; Lvx 
KvilhiiifllqiifH, whidli exislH in iuauUH(>i-i|>l ; imd a tmiislalinn oC Die- 
pluintuK, 11)21. thuuiitvH DsaniiM, hern at Hiniliieieux in Dili) and dloil 
in 1717, li'ft mirnei-oUH wevks of whioh the only enn wortli montionhiK 
is Ids .lliJri'Mionn vinthnniiliqiieH jn/q/nh/HCfl 2 vnls. 1(11)1, ^muKlivuvu 
born at Lyoim In 1725 and died in I’livis in 171111, oditial and 
revlNiid Or.anani’H iiiiitheinatiiial remmlunis. 1 1 is liislory nf alieinpts to 
siiuiire till) eirele, 1751, and liiHlory of niullii'inalitm to lliu end of llio 
Heviinleentb (umlnry in 2 vobnuim, 175H, nve inloieiiliiiK and valnablo 
wiir](H, 'riie Miieeiid mlition of the iuller in 1 vnlninun, 171)1) (tlio fmirlh 
veluine is liy baltmde), furiiis tlie liasiii of iiioal imliHOiiueut works on lliu 
sulijeet. 

• Tlieni is iin iidniimlile aeooiml of his life in ilia A’eio’i’/b.' llitiiiivphk 
liy V. Hai'don. (lanlaii loft an unliiliieKru}ili.v oi' wldoii iiu 
analysis was publislaul by li. Atorley, X4ondun, isri l (2 velunuis). 
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tliQ chair at J3ologna. Hoi’o Jio cliviihid liia time lietwocu 
clobauoliory, aati’i)logy, mid iiiccluuik'H. It in miiil that aliout 
1502 he was impmonwl Ibi* lioimy on aimount of liia liavint' 
piilili.sliod tho howmeo^M) of Olivint, anil when rchaiHod lie Anmtl 
hiuiaclf Ri> gunorally dotoHted that lio (lidia'iiiiimil to rcNij^rii his 
chair. At any rate ho hift lh»lo/»jiiv in indli, ami shoi't ly iil'tcr- 
warda inovoil to Homo, JIIh two sons worn as wii^lcod au<| 
liansioiiato as liimsolf: the oldc^st M'us aliout this iiiim tixooiitod 
for jjoiKonino his wife, and tho ymm^mr Jmviu/f ooiiimitliid 
Home on'oiico, Onishin in a fit of rago out off liis oars; foi' 
tliis KenmliilouK outraj^o lio Kufforod no luiiiishmont ns tim pniio 
Gregory XITI. took him under his protootioii. Gai-daii was 
tlio most diKtinguiHluHi nstrologor of his (iino, and whoii ho 
Rcbtlod at Homo ho nsirivod a ponsjon in ordoi> In tioonro his 
KorviocH us UHlrologoi* to the |ia|)ut court. This provi'd fatal to 
luin, for having foretold that he shonhl dio on a particular day 
ho felt ohligisl to commit suicide in order to keep u[i his repU" 
trttinii, 

Tho ohiof mathemuticiil work of Oarihui is Ihn An mnnuo, 
published at Nuremherg in 1515. (Jardan was niueli iiiterestisl 
in tho uontost Ixitwism Tartaglia ami h'iori, ami as lie had 
aU'oiuly begun writing this ImoU lai asked Tai'laglia to coni- 
nninicato Ins method of solving a ciihie eiptatimi. 'I'artaglia 
rofuHcd, wlmroon Oardaualmscd him in tho must violent ti'rnm, 
Imt sliortiy allerwnrds wroto saying that a t'erlain llalian 
iiolileman hiul lieard of 'l.'urUiglia’H faiiio and was most uiixiouH 
to meet him, and hcggisl him to come to Milan at onco. 
I'artaglia came, and though ho founil no nobloman awaiting 
liim at tho end of Ids Jourmsy, he yiohliid to Cardan’s impor. 
tunity and gave liim the rule ho wanted, Canlaii on his si<lo 
talcing a Kolemn oath (hat lie would novor vovcal it, and wmihl 
net even commit it to writing in such a way that alter his 
death any one could umlorHtimd it. (Janlan assorls that ho 
was merely given the riisult, and olitaiimd tho pronf hiiiisolf, 
but this is doubtful. He seems to liavo at oneo taught tlio 
motliud, as ono of his pu[iilH .b'erruri roduecsl tho eipiation of 
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tlio Ibiu'tli (logi’Qo to a oubio ami so solvocl it. Whoii bho Ara 
wus publishod in 1545 tlio broach of faith was inado 
niaiiifcisb, Tartaglia was nob wnnabijrally vary anf'vy, and after 
an uoriinoniouH oontrovorsy ho sonb a chnllongo to Cardan to 
talc(i part in a niatlioinatical duel. Tho ])roliniinari(iH w(ii-o 
Hottlod, and tlio plaao of mooting was to bo a oortain olmroh 
in Milan, bnb wbml tho day arrivod Cardan failed to appear, 
and smit h'orrari in his stoad, Tartnglia was victoriouH ; liiit 
tho friends of Cardan inlorforod, and 'i’artaglia was fortunato 
in (iHoajiing with his life. Nob only was Oavdan sacoi^ssfnl in 
liis fraud, bnb niodorn wribors gouorally attribnto tho solnbion 
to him, so that 'favtaglia lias nobovou that posbliuinous rnpu- 
tabion wliioli is at least bis duo. 

'J’IkwUv is tlm third ourliostia’intml book on algoliru, 

and it is a ginait advauoo on any algebra jn’evimisly publislied. 
llitliorto algobraisls had <;oiiiino<l their attention to those roots 
of oiiuationH which were positive. Cardan disoussed negative and 
<'veu imngiaary roots, and provv-d that tlio latter would always 
oismr in pairs, though hecleoHmal to eomiait liiiuHnll! to any ex- 
planation as to the nienningof these “siiphistio*' ipiaiitities whicli 
lie said were iugenlous though usoless. DiseuHsing eubie (Kpm- 
(iioiiH he slanveii that if the tbrno roots were real, his soluLieu 
gave tbeiu iu a form wbieh involved iiiaigiiiary (luantities, 
bixeepb for tho Komewbab simibu’ researebes of lhauboUi a 
few years later (see p. !i05), the theory of imaginary ipiaiitities 
reeeived little further abtentlou fi-om matliiaaatieians until hhilor 
took the matter up after tho lapse of nearly two eeuturies, 
CansH first [int tho siihjeeb on a Hyslomatii) ami soientilie basis, 
introdueed the nobibiuu of eomplex vavlaliles, ami used the 
symbol i to deuoto llm mjuaro root of - li tho modern tlieory 
is obielly based on his wweandHis. 

(fanlan Ibuml tho nilatioim eomntcbing tlm roots with the 
eoellleients of an eijuiibion. .lie was also aware of the principle 
that underlies Ib-seartes’ “rule of signs, " but us be followed 
the then univorsivl oustom <if writing Ins eipialions as blie 
eiiuality of two oxjn'OHsioim in each of wliioli all tlie terms wore 
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positive he was unable to express the rule concisely. Ho 
gave a method of approximating to the root of a munerical 
equation, founded on the fact that if a function has opposite 
signs when two numbers ai*e substituted in it the equatio}i 
obtained by equating tlie function to zero will havo a root 
between those two numbei'S. 

Cardan’s analysis of cubic equations seems to have been 
original j and it was only for the solution that lie was indoi)tRcl to 
Tai'taglia. I should add that though he takes instances of cubic 
equations of every possible form, the equations ho considers nro 
all numerical. 

The solution given of quadratic equations is gcomotvieal 
and substantially the same ns that given by Alkarismi (soo 
p. 152). Tho solution of a cubic equation is also goomotneal, 
and may be illustrated by the following case wliioh ho gives in 
chapter xi. To solve the equation a:* + Ca^ =» 20 (or any oquiition 
of the form x>^+j)x = q), take two cubes such that tho rootangl© 
under their respective edges is 2 (or and tho clifroronoo 
of their volumes is 20 (or q). TImn will a; bo equal to the 
difference between the edges of tho cubes. To verify tins he 
first gives a geometrical lemma to shew tiiat if from a line 
AC & portion CB be cut off then ihe cube on AB will bo 1cs.h 
than the dilference between tho cubes on AG and BC by tliroo 
times the right parallelepiped whoso edges aro respoctivoly 
equal to AO, BG and AB-, which is a statement of tho alge- 
braical identity (a-bf^a’-b^-Sab{a~h)’. and tho fact that 
(C satisfies the equation is then obvioua To obtain tho lengths of 
the edges of the two cubes he Iims only to solve a quadratic (jqim- 
tion for which the geometrical solution iJreviously given sullicod. 

Like all the matliomaticians up to this timo lio gives 
separate proofs of his rule for the diffoi-ont forms ol' equations 
which can fall under it. Thus he proves tho rule indopondontly 
for equations of the form af+px=q, aj®=^xB + y, a-" + ;;a; -t- .. 0, 
nd a^ + q =px. It will be noticed tliat with goomoti’ical proofs 
is was almost a necessity, but he did not suspect that tlic 
suiting formulae were general. 
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All Ciu'cldu’H pviufcod wovIch woro colluctod by S)inniuH ainl 
imhliHhnd in jO vuliitmiH, KiOa. 'J’lus niiitiioinatical 

worIcH form liho ftnirth vohimn. It in Haiil that thoro avo in 
tiui Vatitinu nmunrons inHiiUHiii'ipt notii-lioolcK ot hin which 
have noli ytit Imicu oditod. 

Hhoi’tly alter (Jardnii (?iimo a mimlM*r of inatlminatioianH who 
did Kood work in dovidopiiijt; the mdijiuit, hub who an\ liardly 
ol; Hiillioiont {in)MirLatu!o to r(M|uii‘o dotaihul inoiition hero, Of 
t]iom> tlni moHb liolohriitod aiui porliapH h’on'an and .IllK^ticns, 

Ludnmm Foi'rari, wluw(» iiaino 1 have nli-oady nnnitionod in 
cnninK'tion with ihn Holution of a hiijuadmlic (xjiiation, waa horn 
at Holo^ua in 1^22 and <liod in [MM, I Hh piivonta worn poor 
and lio wan taken into (Jardiin’H Kovvioi' to (doan IcidvoH ifco., 
hut lie wiiH allowed to nltmid ilia nuiHter'H leclnvcN, and huIiho- 
tpionbly heeanie IiIh inoat eelehratod pupil, Bnoh work aa ho 
prodiiiied in inc5orj»onited hi ('nrdan’H Arn lifaijniij or lloinholli'H 
hub nolliin^ can hit doUnltoly aHHi^on^d to 1dm (^X(!ii]»b 
the Holulrioit of a hiipindraLio ei|Uution. For fiirblim,’ dotailn hoo 
L ihrl, V(»l. HI., p. IHD. 

(ii'(uui doiif/iim llhobIcUH, horn at !‘’o]dkir(ili on Feh. 15, IHl'l: 
and dieil at KnHohan cm I >e<!. 1, 1570, wan jirel'eHKin’ at Witten- 
horg, and HuhHotjuonHy atudleil under (JopeniicUH whose worlcH 
wei'e pi'odneed nnder (ho direol,ion of lllu'ticnH, IMiot-iouH con- 
oli'ueted seine trij^oiioinel.rieal (^ihloH Homo of which wore pnh- 
liHlind hy Iuk ptijtil (Xlio in irdKi, and which are the liusis of 
tiiono Hlill in nun. 'I’hey wore HuhH(M(uently oomiiloted uml 
oxleiided hy VIetii and I’itiHoim''''. HhoUcuH ulso found the 
valiicH of sin W and ain iW in (onna of Hin 0 uml isis 0. 

I add here iJie niviiieH of aoinn othitr in'hthratcd inathe- 
niatieiiiiiH of ahnnt the hiiiiio time, l>hon;'h their work's did not 
perceptihly lelvanini (lie Hiihjeet and are new of little vidue to 
any save antiiinariaiiH. /'Vn//Wi»ea.v MauvolycuH, horn at hlim- 
ahia ef (h'eek piirentH in IIJH and died in iriTh, tiauKlatod 
numeremi Latin and (Jreelc nialhemutieal werks, and diHcusKod 

” IhiiiliiilouiiluH I'HimuiH wna lioiii en Ann, ‘11, I’llU luiil dicil iit 
Heiilt'lliiaa, ivlau'ii he wiei iirefimser ef iiiHthenmtiiM, eii >luly '1, illhl. 
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tlio conicH TOganlod as soctioim of a couo : liis works woro |ml)- 
li.sliofl a(> Vonico in 1570. Jean BoiTol, liont in l [!)2 tuul diod 
at Gi'onoblo in 1572, wroto an iilj^olira foiiiidrd on Umb of 
Stifol and a liistory of tJio (|nndnil.uni of l lio nii nUt; liis woi'Ich 
wiu'o i«d)liKlM!d at Lyims in 1551). Wilhdin Xylaiuloi’, horn a(- 
i\.u;fHl)urf' on Doo. 20, 1552 niid dird nl I li'idi'Ilnn’|f, whoi'o 
siuou 1558 Jio Imd Imtiii prtdoasor, on 10, G)70, hrouglib 
out an ciditiou of tliu works of I’koIIus in Ih.'HS; jot odition 
of I'JucIhI’h ISlr.me,nlit in 15(J2; an odilioii of [.lio Arithinet'ii] 
of Dioplnuitua in 1575; and Homo minor worloi wliirli w(!ro 
uolliicUid and |ml>]islnul in 1577. Feilei'lijn Ooiuiiiiiudlno, horn 
all Urliino In 1500 and dnsl tlioro on Si‘|H, 5, IhVfi, |>nl)liHlind 
a tnuiHlation of tin) worlcH of Arolifmndi<!i in 1558; aolonliouH 
from AjudloniiiH, and l*a|nmH in 15(15; l'liirlid’n Ffeiiw.iUn in 
1572; and iiolooLiooH IVom Ai'islaiidimi, I'loloiny, llnrn, niid 
Pu|i|iua In 1574; all l»oini( acsmnipatiird by noiiiim'ut iirii’H, A ml 
lastly JucijHCH Polotlor, horn al. In Mann on Jidy 2fi, 1517 and 
(Hod at I'arlH in duly 1582, wroto sovoral ii'vt'liookn on iil;.;ohi'a 
and gooniotry : most of tlm ro.su Its of Stilol itml dni'dati ai'o 
inoludod in blio fornior. 

About tliis (.Into tdso Hovoral (oxt Imokn woi'o prodiiond 
wliioh if fclioy did not t^KUmd tlio Imundaritin of (Jin suhjnol, 
sysUmiafciztsl it. In imrticular I may immlion iJinnn of Kaiiiun 
and llomholli. 

/WnsRainufl WHH hctnt at (kith in I’irardy in l(>l5,and wan 
killod at Tarm at tini masHUoro of Hi, llarlhnloinnw «»n An;', 21, 
1572. ilo was odtujatod at tlio unlvtindly id’ I 'aria, and on (akin;' 
Ills dc‘;'ro() lio astouisliod and tdmrinod llin niiiror/iity with 
tlio hrilHunt doolaination lu> dtdivorod nn I ho thmin that nvnry- 
thing vVrisbttlo had taught was faki. lio looluivd for it will 
ho roiiiomhorod that in tiarly days tlmro worn no |irofnn!iorn lir/tl. 
util! Mans, and aftorwards at raria; at (ho laltor ho foiimlinl 
tho first chaii* of inathoniabioH. Dosidos noino works on plii" 
losojihy ho wrotti ti'oatisos on uritliniolio, algohru, groinolry 
{fomulod on Euolid), Hstronoiny {fmmdod on ilm works of 
Oopornious), iiiul physloH wliioli worn long rogardod on Lhn 



IIOMHELLI. 


203 


oontimmti uh ilio Htimdawl fcoxt-lmciks on tlioso nubjoot«. Thoy 
art! (lolldobMl in an tscUticm of Ins worlcs pnlilislusd iib Jbllo in 
iri(ii). If\n‘ an account of his Ufa and writingH k<(() tlio mono- 
grapiiH oil liiin by (.)h. Wuildington, Pavis, 1850; and by 
(i. 1)oHiim/o, 1,‘anH, 18(5+. 

(Jldsnly following tbo ]nibli(!al,i<m of (Jardan’s gniat work, 
Bolubolll )>MbliNl)od in 1572 jin algalira wliioh is a systis- 
luatni o.\iionil,i*»n of nit Unit was tlion known on blin Hubjoet. In 
tlin pi'ofaon ho alIndoH l>io|iliantus, wlio in spito of (Jio notion 
of IlnglninontiinuH was kUII unknown in I'luropn, and tlinnon 
ti'uona tlio liintory of tho Hubjoot. I In tlinn disoiiKHOH railioals 
vnal and imaginary. .1 In noxt oouaiiliirH tlin tlinury of oquationH, 
and hIiowh that in thn irrnduniblo irnso of a nuliin ni|uatiou tho 
i’ooIh aro all rnal; and Ini voinarkH that thn problnin to tvisnct 
a givnn anglo ia tlin iiaino an tliat of thn tiolntion of a nuliin 
miuiition. Klimlly lin glvos a largo oollontion of problniiia. 

noiiiliolli irt howovor boat known In nomiontion with thn 
iiiiprnvonioiit in tho noiatlon of algobra wliinh Jio introdiuind, 
'i'lio ayinbola tlion ordinarily imod for thn unlciiowu ([nantity 
and itn powora wi*ro loltora whloli atiood I'ur abbroviutiouH of 
thn worda. 'I’hoao moat froipiontly mloplnil worn It or Jl} for 
or /•('« (a:), ^ or (/ for rjutHttH or tu-nmin (.a''), (7 or 7v! for 
imhnii, tVn. !riinii .n" -i- 5 .m- -I would havo linnn wrlttnu 
I ^ p. 5 A* m, ‘I 

M’liorn p alnnda for plna iind m for inimia. Xylandni', in his 
(ulitioii of tJio Anfhiiii^th of Diophantuii in 1575, uiiiid nthnr 
Inttnra and would liavo writton it thua 

a Himilar nolation wan oiiiploynd hy I'^irniat iia lata as 1070. 
Tho udvamai niado by llonibnlli wna that lio introducnd a 
aymbol v.V for tho unknown i|uuntity, i.it; for its Hipiaro, v^/ for 
il,n oubo, and ho on, and tliorofiiro wroto ni* \- Tmi- - 4 an 
I yaj p. 5 IK, -I. 

HLoviinis in 15811 oiiiployod (V), CO • COi ••• '*■ Hi'ailar way ; 

and HUggoHlrd, though ho did not uho, a normsponding uotaliiin 
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for fraciioHal iiuliceH (noo ]>. 217), llo M’oiild liiiv(' wrilitou tin* 
abovo oxprossion ns 

1 ® -h fi ® - 4 ®, 

Bubwliofclior tJn> HymbolH wfiro niord (n- IcdH lumvriiiiiiil; blmv 
woro Htill only abbroviatioim for wodIh,- niul Winr niilij(i(!(, to 
all ilic 1 -nlo.H of ayntax. Tlioy mori'ly itllnnloil n hoi-I, of uliort- 
Imiul l»y wlii(5li (.ho viiriniw Hl,n|in and n-unlls ooidd bo iix|.r(^Hn<id 
conciKoly. Tim imxt advaiico vvhh tlm oivatiim ot' nyiidioli(! 
algobra, and tlm olnof owHlIt of (,Iiat in dim to N'inlu. 


Tbo dcvclopmont of Niiiiiholio nliftihni.. 

Wo liuvo now roadiod a point boyond wliioli any ooii- 
fiidorablo dovolopnuint of al/^obm, «o Ioiik an it wan nti'intly 
«ynoopatoil, couhl Iianlly prooooti, It, in ovidnnl, Ibat pStil’iil 
and Jtomimlli and otlmr writorn of tlm nixti’inith ooiitm-y bud 
iiiOrodncod or worn on tlio )>oin(; of introdimlnK nonio df tlm 
idoas of nymbolio alKobm. Hnt so far an (,1m onnlit of in. 
vcntiiiR Hymliolio alKobra oan bo pot down In any oim niiin 
wo niay porhapa uHniKii it to Viola, wliilo wo may nay that, 
Jiai'i'iot and DoHoartim did nioro iJian any otimr wriliorn to 

bring it into gonomi imo. It nnmt Imw.u'or bo 

that it took Honm tinm boforo nil innovutionn bocanm 

goimrally known, anil tlioy worn not I’nniiliar to inatlmiimtioiniin 
until tlu) lapso of many yoiira aflor tlmy bad Inn-ii publinlmd. 

Ono of tho groat iiu|mivonionts wldoii wan oinployod, ovon 
If It was not invontod, by -Violu, wan that Im «loimb„l tbo 
known (piantitioH by tbo (jonsonaiitn //, /> .^n. und tlm 

unknown <|uantltloH by tbo vowoIh A, A’, / .to. TInin in any 
problom ho was ablo to uso a numlioi- of unknown .(nimtilb.a j 
m tins particular point bo kooiiih to havo boon fiiroMlullod Itv 
htifol (sim p. 1{)2). Tlm prosout laiiilom of naing tlm lottora 
at tbo bogimnngof tboalpbabota, .to, to roproaont known 
(lUantilioH and tboso towards tbo ond, io, y/, ^ ,to. j„ ,,mivsont 

tbo unknown ipnintitbw was intniduood by 1 bwni ti-s in Ki.’ir 

•l.bo othor improvmnont wuh tills. Till Huh tinm it, l„,d 
boon thu ouKtoni to intitHhmo now HyinlmlH to ropivKoul, tlm 
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Hqiuui) oulm tsUs. t>f c|imntibioH whicli IkkI iiUiiudy ouuiutchI in 
tlid <!(iU(it,ionH; thim if U Hloncl foi- mu ov x, Z or 0 Ktood for 
/.immiH or and i) or K for oidam or a? itc. So long as this 
was I, 111' tiaso Uio «!liio[udvaul;ugooralgolira was tliafc ib alTordcal 
a ooiniiHo aliilomonb of ri*H»ilts (way KlaLoiuant of wliicli was 
naiHoiiod onb. UiiL whoii VioU iiwul A to danoK! thn unknown 
(jimiitity i»j lu) «»o|»kyrd Jf/, An, A//i/ ita. (alil.niviationH for 
A A tuilniit, &.{•:) 1.0 r(«|>rojM«ut wliioh at 

onao aliowad l.liii (tohiiooUou ImU-aon tlmdiHaronb poworH, A 
Hiinilar iniiirovoinonl liml bomi provnamly imulo l)y llonibolli 
and Stavinua. 'Horn Viola wotikl writo tlio aiiuatioii 
:i /M“- . /)A -iwO' 

ati .// d ill, A i/nint. - ■ /> pfiino in. A -i-A luilm l^llntav,r Z milido. 

Il, will Im oltHorvod tiiat ho iiiakoa Uio dinioimionH of liis con- 
HLaiita (//, and X) aui>h i.hal. tloi o(|uation is lioniog<ui(U*u«. 
Thin ill oliaraaloriHl.lo of all hist work. It will alao lia notimsd 
that Ins dsM'H lost ti«o a rngu lor otpialityj and in iiuit ho imi- 
phiyod thn sii/'u Its ns)srottonl, tiio dillortsnini hotwtion, 

Tlinmi I svo til.o|iti worts idnitsttl. oHstmtinl to any fnrthor pro- 

groiisi in aigohm. In Imi.li of thoni Vhsta liad I f'oroKtiillod, 

hill, il, wais Ilia good Im-k in onipliuai/ing tlioir iinportamio to 
ho I ho inontiH of niaking l.hi>ni gonorally known at a timo wlion 
o|>inion wm ri|its I'ormioh an lolvaiioo. 

/''r<iiii^oin V16bo or Vlota wuh horn in Ifi'IU at l.’’onl[snay 
nnar la Itooholht mid diod in i'ariH tin J)ao. ill, KiOII. ll.o was 
hrtiuglit n|i iiH II lawyor and praotiHod for Honos linns at tins 
l,’iirinhm liar; ht» Chon hoisiiims a nnsinhisr of thn isrovinolal 
jiarlianioiit in Urilliiny ; mol Inmlly in IhKI) through tins in- 
Ihionoo of t ins thiKi* do Uolian lio wuh nuido iimHtor of roiinoHLH, 
an ollh'o iitluoiiotl io iho piirlimtosiit at I'ariH. 'I'lio rtiitt of IiIh 
lifts wioi Mpoiit in tho piihliti Horvitsts. ||o wuh a xiisalouH cathtslio 
anil a Ilrtn hotiovor in llio riglit ilivino of kingn. .Aftor inKO 
ho gitvo lip moHt of iiiu loittiiru (o mathoinaiioH, tliough hitt 
grrat work /miijni/n in nrhna itiiuli/fmtin in whitsh his isxpluint'd 
how idgolint i'oulil III* iippliisd to this Holution tif goonnstrloal 
prohli'iitH WUH not piililiHlnsd till 151)1. 
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ILib inatlioinatioa] ruiaiOiltoii waH iilt-i'iiily aoiitiiiliMtiblo 
wlion ono tiny Iho aiulniHHiulor IVaiii (liii Lnw ( NiiiuLi-if.fi m- 
nmrktid to Iftniry IV. tluit did nut |i(mm'SH imy frim. 

moti'icianH «a])al»l« of Htdvin;' a |in)bl >vliirii Imd luuni jiio- 

jKuimiod in IfiOIUiy IiIh counl.i'yniim Adrian |{nniaini!r‘'' to ,dl 
tlio niathouiiitioiatm of l>]io world ami wliitdi rciinircd tlio anln- 
tion of an aquation t»f Uio -iritli 'I’lm Icini;' llmroii|nm 

Bimimonod Viot 4 i ami inConiual Inin of tlm aliallmi^m. Viota 
Htiw that tho («iuation waa aiitiHlmd hy tint aliord of a (nrirb* (of 
uiiili mdiuH) whiolt miltfcmidtid an Ibr/ib ni, |.|,ii (toniro 

and in a Anv iiiiimttfH lio I'livo batik to tlio kiiif^ two (loIntionH of 
tho prohlnm M-i-itttm in |)onail. In oxjilanation of lliia Ibni, I' 
hIiouUI adil tliat Viota had |irtiviouHly tlin»n>vi'rml liow to Idnn 
lilio (iquation wmmndiiiiK ain with niii t; and non tA Vintii 
111 luH turn uKkoil .ItoinunuH to i^ivi* a ^'oonioli'tciil noiiatviuition 
to (loHoriho a cirolo wliioh Hlnmld tonnli tlirnn ^ivoii tiirnliiH. 
TIuh waa till) pvohloni wliioli Aitolloninn had tmatod in hia lh\ 
toj;nmt/m«,nh«tthoolc\vliioli Vhitaut a hitni’ tinir imiijimtiinilly 
I'Ofjtoml. llomunuH hoIvikI tho jirohhnn with Ibti aid ol' tho 
coiiio KoofcionH.lmt faihal to tin it hy Mutilitlraii Kc'oinoti'y. Viota 
gavn a ICuolldtmu hoIuUoii whioh tio inqnvwod |{oinamin tliali 
ho ti'iivolhid toTom-H, whom tho l!'mm!h oonrl, wan thm liotth’d, 
to imilco Viota’H ar(|uujn(anoo.- oni atti|iminlanconhi|i wJiioh* 
mpiiUy »*i|)on(!d into warm frit«ndHhi|i. 

Hoiivy waa mmdi atrimk with tho ahilily nhown hy Viota in 
tliiH iiiattor. TJio K|mnuutlM h>ol at that liilm a oipln-r trontaim. 
iiig noarly 000 tduiraotia'a whioh wan |Minodii'ally nlianj'tid, ainl 
wliitih thoy holiovoil iltolmiuipoHailihi to ilmnjilmr. A tlitnitalnli 
having hmn iiitomoi.tad, tho king gavn it to Vintn, and ank.id 
him to try to mud it ami liml tho koy In tlm ayatom. Viota 
Huotn(iuli!d, and lor two ynura tho I'Vi.'iuih iihocI it, groatly to thoir 

Mftyd, 1(125, wftHpmfuHHnr of nmlhtaiMaitm inid mr.iimm. ul I 

8i (d.[.;i). aho formula) for coh(W ' /q and .dn(.l ■ //) wai.i Kiv.ni I.v 

lltifloiia in Ins 3rf|/oK«mcOtf inihllHlHid in ir*!)!). ^ 



VIHTA. 


207 


in tlni war wliioh avuh thou mgniff. 8o conviiifird was 
J.’liilip 1 1 , tliiitr Uio cjij»li(!r oonld init Im iliscioviii’i’d that wlinii lui 
louinl Ills pliniH knnwu hn tininpltiiiuHl to tlio popo that tlio 
h'l’oniih worn uain^^ w»r<Hn-y hlui, “ contrui’y to tlui prao- 

tioo ol' tlio OhriHtiun I’nitli.” 

’Viota wroti* nnnionitiH works on al/'ohra iind /'oomotry, 'I'lio 
most iinpiirtanl, iii'o tlio In nrfr-in ann/i/liraiit muiotii), 'I'ours, 
151)1; tlio SniipInmtMdum ijmmfiruf. and a oollootion of ^'oo- 
moLrioiil proldonm, 'Ponrii, IfiU.'l; and (ho ]k ■ii.'iimv.roati puh'H- 
tutniii, I’ariit, l(U)0. Ail of tlnmo worn prinLod for private 
oiroiilalion only ; Imt Ihoy wi-rn oollootod hy If. van Holiootou 
and piihliHlioil in ono voliinio ii(. latyilen in Kl US. 

'I’lio In tirtiw- inl-rodiiood tlio uao of intloi’H for hoLli known 
and niiknown ipmnl-itioii, a imiation for tlio powers of [juaii* 
titiiri, and oiiCorood tla< iidvantaHo of worlciiifi with lioino^'oiiemis 
eipiatioua. To (hiii an appondix nailed Liu/is/iiio upr.i'iiwi was 
added on addition and nndtipUeal>ion of ul^^ohraieal <intintitioN, 
and on the |mwoi-H of a liinoniini up to (ho sixth, Viota im- 
plies (hat, lie know how to I'oriii the eoollioionls oi! tlieso six 
t'Npunsioiis hy inoana of the aritinnetioal ti'ian;i;lo ns 'l'arta;i;liti 
liiel ]irovimmly done, hut I’aseal was the Iirst to ^ive the 
jp'iieral riilo (are p. 25:*) for fomiinj' It for any order, wliioli 
is ei|nivali'nl> l.o aayiii;; that ho imuhl write down (ho eo- 
(dlieioids of in (he a.K^iansion of (1 ) ir)'‘ if thnso in tlio 
expiiiiiiien of (I •(•ir)’’ ' worn known; NowLon was the first to 
^Ivo (he j^'enoral I'xpn-Nsion for tho eiKdlleient of .'n'' (see pp. 

Aiiolrlior appriidix known as Xr.tMuiririn on the solution 
nf eipiidions was aniiHiHpioutly added to (ho hi iirh iii. 

A luiidhiiinoiin work in two huokH teniuid /h) niutifionn rr- 
c.oijnUlnui' was pnhliahod in IdlH hy Aloxandor Anderson (liorn 
at vMiorilemi in IhKl! and died in 1(55 1 ) and comjileloH Vieta’s 
works on alKohra. Moat of this in on (ho theory of eipiations, 
lie lioroHliowed (iavt Mio firsl. meiiiher id' an idgohraieid oipiiilion 
0 roiild hi« renolvetl iuin linear fiielors, and (explained 
liow ihn i'iio|]ieientH of ir eoutd ha expressed as fanelioiis ol the 
roots, lie also indleuted how from a ^xym enuation niiothor 
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could 1)0 obtainocl w 1 h>bo roots woru oqtiul In IIidhii ol' (ln< 
mil inci’onaecl by a givtm qimntity or imiltiplinil by n ^rjv{.|| 
quantity: and ho nsod this motliiul to fjot rid ol‘ (lio innilliricnl; 
uf 0) in a quadvatiu (!(|uatioii and of tiio ooi’llioinnt nC n;'' in a 
cubic equation, and was tlina oitiiblud to ^tvii Uni giuniral iilqn- 
braic solution of both. 

Ills solution of a uubio o(|iiation is im iblliiwn, li'inil, ri'ilucn 
bho equation to tlto Ibrin .'if’-h Noxt lot a; 0“/;/. . //, 
and wo gob 1 /"+ whicli in a quadratio in //'. .1 |i‘iii-o // 

can 1)0 found, and thuruforo a: oini bo dotorniiiird. 

His solution of a bi<|uadi‘atio ia Kiiiiilar to Unit, known iu< 
•Ifonai'i'a. Ho (irat vodunoH tho in|uiiti(iu to llin I'orni 

-I- /An 1.1 4 t\ 

Ho blnm talcos tho tonna involving (i:“ ami la In Urn nglit-liniid 
Rulo, and adds llmt llio I'qiiatiiin 

bocoinos 


(OJ^ 0/ - o") - //'.« ,} // .|. .d. 

Ho tlion clioowis v/ho that tl>o hdl-lmiid «ido in a iii'i'fm'l. S((Uiiri!. 
Substituting this valuo of //, ho can takn tho uquani I'lml, nl 
both fiido.s, and lui tlaw goU two iimulratiii «>i|Uiitioua for ir, 
oacli of wliicli can bo solvod. 


Tlio DommeroHapoleHlntHM iloida willj nuiuoriunl oquaUiiiiu. 
In this a niothod lor ui>im)ximatiiig to tho valium of pimilivi, 
roots is given; bub it is prolix and of litMo uhi>. Nugativo 
roots aro uniformly rojuoted. TIiIh work ia liai-dly woi'thv of 
Viota's I’oputalion, 

Viota’s trigoiuimotrioal riiHoandioH iiri! inoluihitl in viirioua 
tracts whicii aro collootod lii Sohontoiv’H lalition. Ihmidim som.i 
trigonometrical talilca ho gavo tho gonoral MX|iri’HHi(iii for thr 
sino (or chord) of uii angle in toniw of Um Hina nnd I’ohim. of 
Its submultiplos, .Dolambro uoiiHidm-K Uiih uh tlio uomph'tion 
of tho Arab systoin of trigoiioniotry. Wo may tak.i it llicui 
that from tliis time the remdl-a of olomontary trigoiioniotry 
wove familial' to mathoinatioiaiiH, 

Among Viota's iniBcoIlaimouH tmoU will ho iVmiid a pi-oof 
that each of tho famous gooinobriml prohlonm of Um triKooiion 
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of iiu anglo and tho duplicabion of tho cube depend on the 
solution i>r a cubic equation. Tlujvo are also sovoval papers 
connoctod with a long and angry controvoisy with Olavius, 
in IhO'l, on tho Hubjocb of tho roforined calendar, in which ho 
was rather sovendy handh'-U. 

Viota’s worlcH on gooinotry aro good but they contain 
nothing which roquiroa mcnition here. Ho applied algebra 
and trigonometry to help him in iimistigating tho proportios 
ol' (igur(is. !lIo altto, oh ![ have already said, laid grtiat 8tr(!9H 
on tho d(!Himbility of always working with homogonoous 
equations, so that if a sqnaro or a cube were given it should 
bo d<motc(l by OKprossiouH liko u° or and not by terms like 
■m or n which do itot indioato the dinionsions of tho quautltioH 
tlmy reproHont. Hu had a lively dispute with Healiger, on the 
latter publishing a solution of tho quadvaturo of tho oirolo, 
mid Huuunoded in showing thu inistako into wliieli his rival 
had fallen. lie gave a solution of his own which as far as it 
goes is oorreet, and stivted (SohooUm’s edition p. 400) that tho 
area of a siptare is to that of tho circnmscrihing oircle as 

Vi xVti-'- Vi)>'Vli"-Va+Vi)} - = !• 

'I.'his is one (»f tlio oavUoab attempts to lind tho value of ir by 
means of an innnllo sories. He was well aoipiainted with tho 
extant writings of tho Hrook gcometrieiana, and introduced tlio 
curious custom, which during tlio Hovonteenth and oightooutli 
eimtnrles becamo fushionablo, of restoring lost eliissical works. 
He himself produced a conjeobiuul restoration of the Do tuG- 
lionihns of .ApolhmiiiH. 

Tim invention of logjiritlims by.7w/«4Naplor of Merchistoun 
ill HUn, and their introduotiou into blnglaiid by I/rMry Briggs 
anil etliei’H, lias boon ali’eady mentioned in ohai)ter .\i. I only 
add here that Napier’s attention may luivo hoeu jiurtly directed 
to the desirability of faoiUtabiug computations by tho stuium- 
douH arithmetical olVorls of Homo of his contempornrii^.s, who 
seem to have takon a koou pleasure in Hurpufising ene auotlier 
in tho extent to which thoy oaiTKid multiplications and divi- 

14 


:n. 
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BioiiH. Tlio twgonoiiiotrutal faibliw wlii{!li wiini piihliKluMl !,y 
Rliobioua in IfiUfi and Kil.'J worn oalitiiliitiid in ti 11111^1, |,'i. 
bonouHway: Vinbi liimHoir doHglitnd in iLvifcliiimliral I’lildiiln- 
tions wluoli niUKii liavn takisn Imui'N nr diiya nl' Inud unrli an.l 
of wJiicli (ilu) roanlbs nr(.nii wirvisd no UHid'iiI |)iiriii»HHi \vliili, 
Oatnldi* publiHliod in HillJ a work on iniinin'inil iLpiinixiinti- 
tions to tho vahu» of n wliicdi Involvtid n gninl. tb>,il of niuiLi- 
plication iiiul diviHion. An tin illuHtration of Miomm jitudofct 
oxoroisoH in mult,i))ll(!al.ion I may nol.it Mna (fmqmr 
(born in 1008 and diod in lOOd) liaviiig a /u'inri gnnmdn I'm' 
knowing tliat tho dogntun oi’ gimut of (,h„ 
in numbor tlio 2fidtli powor i»f 2, miillipliod it onl, in Movnml 
ways; and I am glad to nay for tim itrisdit of Mii> nhl .loHiiit 
that whatovor Im tho truth of Inn th.tory bin iialmilalion in niiil.t 
coiToot, A low y.tarn lalm* it wan hIuuvu l-liut llm naiint mnnlt 
might bo obtained by widtlng ilown iivttry way in whioli tho 
words of tho hoxanuttor, 


Jot Uhl mml dolitH, Vlrao, iinnt niddiu 

could ho armngoii.j and tlmn tlio munhor of (Ix.al nlnrn iiouh) 
also bo dotoriniiuid. 

In rogavd to Naim,r’« othor work I may again 

(SCO p. 172) that lio invonUnl noiiio rmla whioli la-ovidii a 

mochamcal way of multiplying nuinhorn: and J Klionid add tlnit 

m spliorical trigonoinotry ho diHuovorixl oortaln I'onnnho iuiown 
as^apiors analogioH, and nlno oiimiolalod a “ruin nl' oironlar 
parts ior the solution of right-anglod Hphorloal triangh^i. 

Harriot, who wan horn at Oxford in 11,00 ,u,d 

codify tlio theory of ftipiationa. 'nm oarly part of Ida lifo waa 
spent m advontunw in Atnoriea with Hir Wall, nr llalnigli • 

;r; 
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Oavolina, tlio mapa of tlwjao lio subwjquoutly prosentod to 
Quooa IJlizalxith. On liia return to England lio aottled in 
London and gnvu up most of hia timo to mathoniatical atudios, 
'Plui nmjoi'ity of tlio pi-opoaitiojia I have iiaaignod to Viota avo 
to Ikj found in liia writinga, but it ia not certain whnthor they 
W(u-o tliaoovoi’od by Harriot imlopondontly of Vitita or not. 
Ill any caao it is iirobablo that Viota had not fully realized 
all tliat waa coiitaiuod in tbo propoHitioim he bad onuneiatod, 
The full oonaiKpioncoH of thoao with nuiuoroua oxbenaiona and 
a HyHtemutio oxpoMitiou of tho theory of equations was given 
by J larriot in liis Jriis unuli/fim praxin, which was (ivst printed 
in Ui.'H, Tlui iufluonci) of the work was very groat, but I 
do not know tliat diHcovericH of any spooial iuiiiortance beyond 
those given iu Vieta’s works can bo traced back to Harriot, and 
I, mil incliiied to think that tho work was founded on that of 
Viota. It is howovor far more analytical than any algebra that 
preceded it, and marks a great advance botli in symboHsni 
and notation. .Harriot was I believe the earliest writer wlio 
realized tlie iidvautago to bo obtained by taking all the terms of 
an iKiuntiim to one side of it. Ho was tho Ilrst to use tlie signs 
7.‘ and to represent greater than and less than. Wlien lie 
denoted tlie unknown quantity by a he represented liy 
a" by aaa, and so on. 'I'bis is a distiuct imi>i’ovement on 
Vieta's notation. Thu saino symbolism was used by Wallis 
ns lain as 1085, but conourrmitly with the modern index 
notation whleh was introduced by Doswu-tes. 

Among those who oonfcrUmted most powerfully to the gene- 
ral adoption throughout 3'Juvopo of thc-so various iiiiprovomonts 
niid lulditioiis to nlgovisiu and algohra was Williaw Oughtrod 
who was lioru at ICton on Manih H, IfiV't and died at liis vicarage 
of Albury in Hiirrey on .Tuuo 00, 1(100. Oughtred was educated 
at hlton and King's Oollogo, (Jambridgo, of tlio latter of which 
colleges he Avas a fellow. \ lo iiivuiited an uhbroviated rule for 
iiuiltii.licatieu Avhicli in still used. Ho also introduced the symbol 
X for multiplication, and tho symbol in proportion; previously 
to his time a iiroportion mioh ns aihi=G\(l was written as 

:i4~~2 
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(i-h~c~dy but li« ibmotiMl it by a . h y.o . <1. I Mm d/avia 
publialicd iu lO.’U ia a ^oml ny!il,(tiiiti(.io to.vl-hoolc 
oil ni'ithniotic, and it ooiitiiiiis jinuitioally all (.bat was tboii 
known on tlio sulyoot. 1 to hIho wroto a |oililiH]io(I 

in 1(557 wJiioli ia oao ol'tlio c!arlioNt worlcn l•^lu(aillill^' ablnoviii. 
tioii.H lov nine, conhm, ifec. 'I’liis was l•^‘ally,nll iiii]iiirlaiit, ad- 
vanoo, but tJio book was no/<iooto(l and soon for/^oUoii, ainl it; 
was not until J'bilor ronilro«lu<!od aontraidionii /cir Ibo (.i-if{ono- 
iiuitHoal fmiotionH that tlioy worn ^(ononilly ailo|itn|. ,A ooin- 
jiloto oditiou ol* Oii/»litro(l’H worlcii was iiiiblialiod at Oxl'or*] 
in 1(577. 

Wo may say nnijibly Mint lioiini'lorlb olonioiitary arilln 
inotio, al|rolmi, unit trif'onomotry worn tmatisl in a iiianinn' 

wliioli IB nob Hulistantially illllbront Mint now in nso; and 

Uiab Urn HubHoininnt ini|irov outs introdiiood aro additioiiri to 

tlio Hubjoot as tlion known, and not a ro-ari'aii;<nnioiit td’ tlio 
Hulijoot on now roundatioua. 


J.ho oviyin of Iho viorv comviun ni/iuIuiIh 'i)i. ii/tirJirtt, 

lb will jMirliaiw bo couvoniont if I oolloot boro jdano 

tlio ficattorod roinarlcH I liavo niudo on tbo introdnidion ol' tlio 
viu’ioiiH aymbols for tlio nirn'o ooiiiiiion ujioralinns in al/'nbrii'^. 

Tbo labor (Irooka (aoo \k 08) and tlin llindona {uw p. M.M) 
indicatod niidilum by morn jnxtH}.osition. U will bo obsorv.-d 
that thiH i« Htill bbo miatom in antliiantio, wborn o,||. :|i ,i|,n,dn 
for 2 i TJio Italian algobnuHla, wbon tboy j'avn np oxpiva i- 
mg ovory oiuiration in wia-da at lidl lungtb and introduood 
syiuJopaUid aignbm, gonorally donoUul jdnn by 1la initial bittor 
I or //, a lino lining Koinntiinna drawn tbroiigb tbo lottm' to 
show bliat lb was a symbol ol' oporation and not a (iimutitv 
bub tlu, pranfcinn waa ant uniform; :l•aob,li Tor oxainpio doiiolod 
It by., and Tarbaglia by 0. Tim (ba-man an.l Mnglinb nlgobraist,. 
on tbo othor hand iiiUxidunnil blin sign -r almost ns soon ns 


* Hoc two ailioloH by 0. J loiny In 
ileisic AroMvlofflijue for lb7U. 


tho iluiiit anil July minilioni of 


dm 
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thoy uKcd algorism, but they apoko of it iia siynum addiioniDi 
and Dinployod it only to clonoto oxcoaa, thoy also used it in 
tho HoiiHo rofoi’i’cd to on p. 18G. WUlman used it ns an 
abbreviation for oxcomh in 1<18S) (wjop. 18fi), and Btiful in 
(s(jQ p. 192): by IG30 it was part of tho recognized notation 
of algebra, and was also naod na a symbol of operation. 

was indicated by !Diophanl.iis by an inverted 
and truucat(id i//,(hoo ]>. 98). Tho Hindoos denoted it by a 
dot (see }). I'lH). 'I’ho htalinn algobraisLs when thoy introduced 
Hynooi)at(’d algebra gonondly ilonotod viinm by or ?n, a line 
Innng sometimes tlrawn tlnvmgh tho lottor: but the practici* 
was not uniform; !Paoioli for oxiunplo denoting it by do for 
damplus (see p. 1.89). TIjo Gornnin and Knglisli algebraists 
intrnduecd the present symbol which thoy described as oii/nnm 
mdilrncturmii. It is most lilcoly that tho vortical bar in tlie 
symbel for plus was Hnperlm|)Osod on tlio symbol for minus 
to distlnguisli tlu» two. In origin l)oth syiubels wore probably 
niorcantilc marks (see p. 185). It may bo noticed that Pueioli 
and Tai'taglia foimd the sign -- ab'oady used to doiu)t(j a 
division, a ratio, or a proportion indifVorontly (see p. IHI and 
p. 212). 'I'lio prewait sign was in general use by about tlie 
year 1030, and was thou omployod us a symbol of operation, 

Ouglitred in 1031 and Harriot in 1031 both used tho sign 
X to iiulioato viuHijdiMUion', DescartoH in 1(137 dcuotod the 
oi)ei’ation by a il<jt. I am not awarcj of any symliols for it 
wliieh w(tre in previoiis mho. Loibnitv’. in lOHG employed tho 
sign /-> to denote iimltiplicntion, and to dimoto division. 

JHomon was genorally diuudod by the Arab way of 
writing the (lutinlitios in the Umn of a fraction by means of 
a line drawn butweoJi them in any «)f tho forms a -b, ajh, or 

Oughtreil in 1031 omployod a dot to denote either division 

or a ratio. I <li> not know wlion tlm sioniottlou or symbol : was 
lirst introduced to doiM)U} a ratio, but it oeours in a work by 
Ohviraut published in 1700. I boliovo tluit the current symbol 
for division is only a uombinution t)f the •- and the : , it was 
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firafi uaocl by Poll in 1030 : this oi-i/fin in mmlo iiion* prolmblo 
by division having boon eoni(»fciim’H fonnovly indioiUffil ity 

Tiio onri-ont Hynibol Tor eqnulili/ wiut iiitroihK^od by Ib'oorilo 
in 1040 (hoo p. 101); Xylaiuhn- in 107/> ib-iidU^d it by two 
pamllol vortical linos; but in gononil till tlio yitiu- 1000 tlio 
word -wnB written nt longtii ; and from tlion until tim timo of 
Nowtoii, wiy about 1080, itwjia moj'o IV(!(in(m(ly I'oproHonlj^tl by 
tho symbols k or oo than by any .itlii>r. 'I'lirso lattoriiigiiH wto’o 
used asacembaction for tho /Irat two lottorH of tlm word miincliN. 
I may add that Vlolauiitiployod tlm sign to dimoto tlin ilidbi'mmo 
botwcou; thuH a- f> uksiiih with liiin wlint wo dmiolo by 

'I'ho symbol :: to ilonoto proportion, or tlio (‘iinnlily of I, wo 
ratios, was introducod by Ongbtroil in l(!;i|, find wan broiiglit 
into common uso by Wallis in 108(1. 'Dmn' is no olfjmdi in 
having a Hoparato symlxd to oxproHH tlio o(imdi(y of two’ nitios, 
and it is hotba* to I'ojflimo it hy tim sign 

Tim sign > for is i/miOr than ami tlm sign •; for is /sss 
than wove introducod hy Harriot in 1(131, Iml, Oiigblntd 
aimnUanoouBly invontod tho syrnholH and ' I I'nr (Jm saiim 
purpose; and thoso latbir oontiiiuod to bn gonmully iua>d till 
tho bogiiming of tlm oightoonth <!ontnry, o,g. by Hari'ow. 

Tho symlsils .p for /« not vtimtl /», fm- is not nmtht' (hun^ 
and <i: for is not ions than aro of <|iiitn |•(>('ollt iiitroilimdon. 

The vinculum was iutnalmnsl by Viola in ifilM; ami 
braokots wore Ih’st uwal by Hirard in KlUU. 

Tlm «lifibroiit motluids of roprostiiiting tlm jiowor In whiidi 
a iimgnitudo was raiwid have boon ulriNMiy briolly allmlial (o. 
T.ho oiirliost attempt to frunm a ayndiolio notation wtis mado 
by Hombulli in 1572 wimn ho riiproHonlitil tlm iinitiiown 
quantity by its wiuai*e hy il^i oube l.y yjj yVo, (sot. ji. llO.’i) 

In 1580 StovinuH used Q, (i) it(!. in a similar way; fimi 
suggosUid tliongh he did not mho a (iiivrospomling noltitioii lor 
fractional iiulicijs (see p. 201 and j.. 217). In IfiH I Viola im- 
proved on this hy denoting tim didbnmt powers of A by A, 
Af/, Ao, Aqq, ifec., so that ho (joald indioato tlm powors of 
didbront inagnitmloH (seo p. 205); ,|larri(ft in 1(131 fuvtlmr 
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improvod on Viola's notation by writing im for ft", aaa for f6'‘, 
•to, (koo p. 211), and tliis mnainod in uso for fifty years con- 
currently wibli the index notation. 'J’liroe years liitcir, Horigone 
in his Cnvm\{ mnilmiuittoi puiiliHlicd in 2 vols, at I’aris in 103-1 
wrote a, «2, rt3j...for a, a\ a”.... 

The idea of using exponents to mark tho power to which 
a (juantity was raised — tlins oombining tho advantagoa of tho 
notations of lloinbelli and of Vietn — was duo to Descartes and 
was introdiKssd by him in 1G37 : bub he only usnd positive 
integral indices tt', a\ a",.... Wallis in 1G59 explained tlie 
moaning of negative and fractional indioes in expressions suoh 
as f»r'j liio. (see p. 250). Tho linal idea of an index nn- 
rostrioted in magnitudo, and denoted by an expression such 
as a", was due to Newton and was introduced by him in 
oonneetion with tlio binomial theorem (seo p. 324). 

!l’liere are hut few Hpeeial ByinlmlH in trigonometry, I may 
however adil here the following note wlileh contains all that I 
have lieim able to iearii on tliosulijeob. Tlie ourront soxagosimal 
division of angles is derived from the Babylonians Lbrougb the 
Gvoelcs, Tlio Babylonian unit angle was the angle of an oijui- 
biteval triangle; following their usual pruotico (seo p. G) this 
was diviibid lute sixty ecpial jiarts or degrees, a degree was sub. 
divbhid into sixty eipial parts or minutes, and so on, I’bo word 
ninii oeeurs in Jh'giomontiimiH and was derived from tho Arabs i 
tho terms muint and lanymil were intiuduccd Ijy 'I'lioinas b’iuek 
(born in Denmai'k in 1501 and «Ued in 1040) in his (h'.omp.lrim 
rotundi, BfHe, 1583 ; tho wonl mmmml was (I believe) lirst used 
by lllietieuH in Ids Opnit 1500: the names cmino and 

e.olaimmt were lirst employed by (luntber in bis trian- 

linhiru'mi Jiondeii, 1020. Tho abbreviatiouH lan^ kcc were 
used in 1020 by A-lbert (iiminl (155)0-1034), and those of 
and i'M by Ougbtrod in 1(557 ] but these oiintraotionH did 
not come into geneml use bill ISulor re-introduoe<l them in 
17-18. 'Hte idea of trigonometrical was originaUid 
by J ohn BernouilH, and this view of the subject was elaboraUal 
in 17-18 by 'I'luler in, bis lnintdw.l%o in antdyain (see p. 307). 
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Skction 1. Tht\ thwdopmv.nl of miu^luiiii<-n iuhI i'.vji\'rin\i'ii/iil 
■SicoTioN 2. litunvitl of mta'cH in />«nt i/iunni'fn/, 

Suction 3. MitlhmuUuHtl nt dw of tins vmuiminiw, 


Tnii oloHMig y4«U‘H «»(' tlio niiiuimiiiint witrn nini'ldul by n, 
rovivixl of IiitovoHfc in iionHy hII limiiclii'n o)' iinillioiiiiitloi and 
Boionoo. Ah fur tm |iiir(? iniiUMiiiHiiiaa in cniinn'iird wii linvn 
alvcimly mioii Umf. diiruiK Uio liiHt ImlT nf llii< Hixl,omil.li (iniiUii-y 
tlioro laid boon u Ki-oat advancai in al^al.i'ii, llnniry ni’ i'(|ualIt)nN, 

and triKoiiomoti-y ; and wo hIihII Hlioi l-ly aoo (in Mm 

lion of tliiH oliai>fc(‘r) Uiat in tli« (,iu'ly [.iirl. nl‘ llio m'viiiil,(atiiMi 
ooiUury Hoinonow i»i’ocoHHosin KooimiUy \vor«i iiivoiiti-d. 11’ Imw.. 
over wo Un-n to appliod niaUionintioa U, \h !iiipimaili|o iml, tu \w 
BtTiiok by tlm I'nct that ovon hh lain na Mm niiditto nr mid nl’ 
tiio Rixtoontli oonLury uodiH(.in(il, pv<i;^rtt!fa in llm Mnini'y liud honii 
made from tho Mino of Aroliiniodiw, HtuMivt (nf milida) and 
hydroHtatioH romaimid in Mm Htat<i in wliioh im Imd lol’i, Mmni] 
wliilo dynaniicH HH aHoicnoo did n<.(, oxinl,. I [, wim .Slnvimm wild 
gavo tlm lii-Ht iin]KdHo to Mm nmowiiil alndy of nlii,lii!n, and 
Qulilfio who laid Mm foundation of dynuniii'a; and In 'ilinir 
worIcH tlm IlvHt Hootion of Miih oliaptia’ ia ilnvnlod, 


Tho clevelojnncnt of meokauka imd <i.riwniiwii(iil vivt/mt/a. 

Hiamii StovimiB*^ wan lioi-u at liriigoH in IhlH and iliad at 
tho Haguo iiarlyin Mm HoviUitoontli oontnry. Wn luinw vory 


An analyHlH ol luii workii \h nlvni in (Ja.ilM..!,: ahm 

Imlorlquofiirla vte ct hn ,h Stevom l.y J. , V. (lOtlialK. 

18il, nml Les Imvaux tie Nlevhtm Uy M. Hlnidln-n, MiitiiMala, |H Hi. 
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litlilt) of liirt lifo Hivvo that lio wivh originally a nuii'chant’a olorlc 
nli Autwoi’[), mill al a lator poriocl of his lifo was tlio Moiul of 
Priiu !0 Muiu'iiui of Orango, by whom ho was mado quartox*- 
masU'r-gonoral of tlio l)ut<?h army. 

'I'd Ills ooiitoiiqiovarloH Im was host known for his works on 
ibrbilicalioMH and iidHbkry ongiimoring, and thn principlos ho 
laid down avo saiil to ho in aooox’danoo witli thoso wliioli avo 
now xiHually ao(3n|i(;oil. '.I'o bho gonnral populaco ho was also woll 
known on aoooimt of liis invxmbion of a oarriago whioli was pro- 
pollod by sails] tliis rajx on fclio wsi-shori!, carrmd twonty-oighl; 
pooplo, and oasily oul-sbrippod liorsos galloping by tlio side; Ids 
niudol of it was dostroyod in 1802 by tlio hVonoh whmi tlioy 
invadod ,l!'olland. It was oliioHy owing to fclxo induonco of 
Htovinns that tlio Duboh and Fmioli bogan a propor sysboin 
of liook-kooping in tlio national acooimts. 

!l,' liavo ali'i'ady alludod (soo p. 20-1) to tlm introduction in 
his A.rUhw.lh [lublishod in 15H(S of oxiamonts to nuirk tlio 
piiwor to wliioli <nitintiti«?H worn I’aisod, For instanco lio wroto 
liiid’ fiiiM* 1 ns 0- 1 Ills notation for dooiinal 

fraotions was of a similar oliaraotor (soo p. 170). ll!o nsod 
iraolioiial but not nogativo oxpoiionts. In tlio samo book lio 
lilcowiso Hiiggostod ix dooimal systmii of widghts and moiumros. 

Ifo also pulilisliod a goomolry wliioli is ingonioiis tlioiigh it 
does not uonttdu many rosullH wldcli woi*o nob pnndously known. 

1 1 is howovor on his Sinl'wH mul JlydnmOUm publisliod (in 
l,''loiiiiHb) at Jiiiydun in IbHO lliat his famo will vest. In this 
work ho onnuoialed tlio trianglo of foreos. 2.'ill this timo tho 
Hoionen of statics had resled on tho thorny of tho lovorj but 
simin tlien it lias boon usnal to oommonco by proving tho 
}ioHsilii!ity of ropresonling foroos by straight' linos, and so of 
rodiioiiig many thooroms to goomotrioal propositions, iiud in 
partioiilav to obtidning in that way a proof of tho pavallolograin 
(wliioh is oipiivalont to tlio trianglo) of foreos. Htoviuus also 
fmnid llio Ibroo wliioli must booxertod along Iho linoof grnatost 
slopo to Hiijiport a glvon woiglit on an inolinoil piano- a 
problom tlio Holiition of whioh Ixiul long boon in dispiito. Mo 




r4AI/ILE0. 


219 


counting hifi pulnc. ito Imd boon hithorko piirposoly ]co))t in 
ignorance of iiiaklioinakitja, luit ouo day by chauco hearing a 
l(!cturo on g<iomotry, ho wim ho iuBciniitod by tlu) Hoionco that 
lie tlnauioforwuivl dovoLod all liiH Hparo tiino to Uh study, and 
finally lio got leave to diHoimtinn<J IiIh inodiwd Bkudies. lie loft 
the univei'Hity in IfiKd, and alimmt iminodiaitily eonnmeiced 
IiIh original r(‘near{jheH. 

Jlo publiHlied in ITiH? auaecouufc of fclio hydrostfitio l)alanoo, 
and in IHHH an enHay on tbo wmtm «)f gravity in HolidH. The 
fame theHo woi’lca wimired for him the appointinout to the 

matlKiinabical (diair at Piaa the Htipeiid, m was tlm ciiho with 

most |U'of(iHK(H'Hhlps, being very Hiuall. During tlio next throe 
yeai’H he carried on IVom the leaning tower that Herien ef exjieri- 
inentw t)U falling liodieK wiiieli »wtabilHho<l tbo lii‘Hb pviiioiidoH of 
ilynaniieH, Unfortunately the manner in wliieli ho ]>romulgatcd 
hiH dlHeoveriea ami the ridionlo he threw on thowt who opjiOHed 
him gave great olVmuje, and in 151)1 Im was ol)ljged to reKign 
Ilia peaition, 

A t tliiw tilin' Ini HoeniH to bavo Ihmiu inueh liampereil hy want 
of nioueyi Inlliieiieo was liowover oxertod on liiw behalf with 
the Venetian aenate, and ho waw appointed pritfcHHor at Pailuu, 

a chair which he Imid f.n- IH yearH(l5‘J2 10)0). IMh leetureH 

liere Hi'em to havti liet'ii ehiellyon nns'hunicaand hydroHtaticH, and 
the fmhataneo of tliem is eontained in Ihh tri'aUiie on meohanicH 
whieh wuh puhlialied in 1012. In tlioHo h'OtuveH lie repi'ateil hia 
Pinaii experbiK'nlN, ami deinoiiHtrated that falling bodlea did 
not (all was then iu'lieved) dc'Heeinl with vehniiticH proportional 
amoiigHt otlier lliinga to their weighlH. lie lurtiier ahewod 
dial if it were ahHiimeil that tlioy denconded with a uuilei'mly 
ncei'lerabul molien it waw poHajblo to deduce Uie relatioUH eon- 
ni'oting viiloeity, Hpace, and timo which did actually oxiat. A.t 
a later date, liy oliaerving the tiincH of ihiHceut of lieilieH nliiling 
down iiu'lined [tlanoH, he hIuiwihI tliafc fchia hypotlieniH waa true. 
He nine jiroved tliat the path of a projeetilo wiia a piiral'olu, 
ami in doing ao imjilied tho prinoiplcH laid down in tho llrnt 
two lawH of motion ua minuuiated by Newton. He gave an 
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HuppoHo till! Hun bli(i (KMitro of tho solar aystom wan iUihuitI, 
imd oouhuiy Lo } Toly Hnriptimj. Tlio udiofc of Miiroh 5, 
10 1(5 wliioli oavi'icd UiiH iitlo nffoob Iijih jujvov iKHtn ropimloil 
Lhnii^li if. JinH loiijj; iKiim Laoitly l^owmwl, lb is woU known thab 
tijwai'drt tlu! iiilddlo of l,Iio Horoiitimnbh oontury tlio iToauibH 
ovadi'd \l l)y bmalin^' ilio l.hoory iik im IiypotlnwlH from wliicli, 
if ffiiuibial, corliiin would follow. 

Lii .lammiy 1(IM2 (laliloo imhlmhod his dialogin’H cm tlm 
Hyntcmi of Uni world in wliioli in ohmi* luid Coroildo limgungo 
ho o.viiouiidod Uio (jo]nirn{mn Mioory. Jn lIum, apinivonUy 
Mivinigli joulouny of Kojdor’H lumo, lio d«i«H nob ho miudi hh 
luimUon Koplor’H liawa (Uio (IrMb two «iE wluoli liiul lioou pub- 
liHlind in Midi) and tho third in 1(riS))Hnd Im rojtiolH Kojdor’H 
hyiiothoaia lliab tho tidoa am onUHod hy llin latrnoLinn of Uuj 
moon. ll(' I'i'HitH (ho proof «if tho (Joporiiiinin hyjioLlu'HiH ou 
tho tihmu'd fiLatcnionb l.htd, it wonhl niiiHo tidoH hocnnHo diflbroub 
jmvtH (if (ho oiii’Ui wmild rotnto with (llirorcnt volooilioH. Jin 
wiiH itiorii HUooohKfnl tn Hhowiiig that nii'olinnion] priiinljihiH 
wcMihl aooiiinit for tlio foot Mint a nlono thrown Htroiglib tiji 
would full again lo tho piano from whioh ib wuh tlirown-'-ii 
fiudi wliioli hinl [ii’ovloualy bron oim of tho ohiof dilUmilth'H in 
bliii way fd' any thuoi'y wlitoh mipponwl tho mirth to ho in inoUoiu 

Tho puldinition itfUnM hook wuh wi-tainly oontrury to tlio 
<a1iot of 1(1 III. (hililro wiiH lit onro ainnnionod to Homo, Ibruiid 
lo I'oranl, do pi'nanni, and wuh only rolmiHodougoiHl liohavionr. 
'.I'lio dnoiinMml,)t rooontly printoil nIiow tliiit Im wuh throatimoil 
with (ho toi’l.oi'o, lint tliat tlinro wim no iiilontinn of (larryiiig 
tliii throul' into olloot. 

AVlion roloaHod lio again took up IiIh work on nuHihaninH, and 
hy llldll had littiHhod a Imok w'hioli wuh puhliKhotl nndnr tho titlo 
J)(Hi'orKi {hIoviiii a ilioi nmm ub Ijoydon in Kh'IH. In Kill? 
lin hml. Ilia oight, hid. wlUt tho aid of jnipilH ho oontinmid Ida 
ox|im'iiiion{a on inoohnnioK and hydroHtulh’H, and in jiartioular 
on Uio lamaihility of nnlng a poiiduhim to I'i'gulato a olook, and 
on tho ihoory of iinpiiot. 

An nuoitdoio nf tliia tiinn hiui lioon jii'OHorvml, whioh may 
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01 ' may not be true, but is sufficiently interesting to bonr 
repetition. It is said that ho was one day intorviowed by 
some inembevs of ono of the Floreutiuo guilds who wanted 
their pumps altered so as to i-aise water to a iioiglit wliioh 
was greater tliau 30 feet. Galileo theroaipou made soiiio 
remark upon it being desimble to first find out why tlio water 
rose at all. A bystander intei'fered and said tlujro wan no 
difficulty about that because nature abhorred a vacuinn. Yos, 
said Galileo, but appai“ently it is only a vaenmn ^rhioli ih lim.s 
than 30 feet. Hk favoidte pupil Tomcelli was prosfjnt, and 
tlius had his attention directed to the question wliioli ho suIjho- 
quently elucidated. 

Galileo's work may I think bo fairly siimmod up by suying 
that his researches on mechanics are dosoxwing of tliu Inglnmt 
praise : his astronomical observations and his deduntious tlnu’C!- 
from were also excellent, and were oximundcd with a lltomi'}' 
and scientific skill which leaves nothing to bo doBirud ; Imb 
though he produced some of the evklenoo whioli pliio(3(l thu 
Copernicau theory on a satisfactory basis ho did not hiiiiHidf 
make any special advance in the theory of aRtroinniiy, 
Galileo however will always rank ns among tlio oarluist iiiul 
greatest of those who taught that soioueo must bo founclud 
on laws obtained by experimont. An edition of his works avhh 

issued in 16 volumes by E. Albtri at Plorenco 18'1,2 1850. 

A good many of his letters on vaiiotis mathematical subjootM 
have since been discovex’ed, and a now and oomploto edition in 
now being prepared by Prof. Pavaro of Padun for the Italian 
government. 

The necessity of an expeidmentol foundation for soionud 
was advocated with even greater effect by Galileo’s contmnpo- 
vary Francis Bacon (Lord Terulnm). Fmncia Baoon’V' 

Wn at Loudon on Jan, 22, 1661 and died on April 9, 1(120. 

He was educated at Trinity College, Oumbridgo, 1673 1670 

Eia career in politics and at the bai- culminated in his booomiiig 

* See his life by J. Spedcling, London, 1802 74. 
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lord oliaiuiollor Aviiih tin) titlo of Lord Vorulmii : ilio Htoiy of 
hik HuliHimuout <l(>^viulatiou for acctsptinR brUxsM Ih wcill known. 
IUh gi'oali work ih l]»i» A^ovmn oryunnm piibliHlaul in l(i20 in 
wliiob lio layH down (,bo prinoiplca wbiuh h1iou1<1 j^uido thoKo 
wild arn making' tix|Ka'hnonlw on whioli tluiy proitOHo to found 
a tluiory of any In-aiuib of phymoH or applicHl iiiatIunnafciaH. illo 
{'avo ridoH by wliioli tlm rcinultH of iiiduotioii oonbl lio bistcid, 
luiHLy fjonoralizalionn avoitbsd, and (jxporimoiits uhoiI to oluick 
ono anoibor. Tho iidluonoo of tluK troatino in tlin oi^ditiuinth 
contury wan vory |,M'oat, Imt it jh proliablo that during tlio 
prododing oonUiry it won Uttio road, ami tho roinark I’c^janitod 
liy Hoviiral l''rointh wi’itora tbab Baoon and IbwjartoH aro tlic 
(jroabivn of luodorii iiliilom)pby nwtn on a miHapproliinmion of 
Ilia inlluonoo on Ida uonUanporavioH ; any dotailod acooiinb of 
tbia book boloiiga bownvor t«i tbo liiatory of iunontillo idoaa 
ratbor tbau to tluit of inatlioniatbia. 'I'bo b<‘Ht oilition of liia 
woi’ka ia Ibut by blllia, Hpwblbig, and Ib^atb in 7 vnhmioa, 
London {2iid iid,), 1H70. 

Jiofovo loaviiig ilio mibjoot of nioolianira I ]iiay a<ld tbab 
tbo two tbooroiiia Icnown l>y tlio naioo of I'ajipua (to wliiuli .1 
alludod on p. !)8) worn ptibilaliod by (InldiniiH in tbo fourtli 
liook (»f Ida J)n mhIvii r/ravUufiH, \''bmna, KlJifi-— ./ftiliak' 
kuk OuldluiiH, born at Bb (lall on dinm 12, 11577 and diod at 
(Iriit/ on Nov, .'I, KM.'}, waa of .lowiali doacont, bub wua Ijnjugbt 
up aa a jtrotoatant : bo wm oiaivorlod to Itoinau oatlioliolain and 
lioeanio ivjoanit, wbon bo took tbo oliriatian naino of Paul, and 
it waa to biin tbat tbojoauit oollogoa at Konui and Kriitz owod 
tlioir niatboiiiatiiial rojnUation. Not only worn tbo ruloa in 
(luoation takon witbout aoknowlodgnunit from Ibippua, but 
(aouording to Montmda) tiio proof of tboiu givon by (luldliuta 
wua faulty, tbongli lio waa HmnntHHful in applying tbom bo tlui 
dotormiuation ol' tint voltitnoH and aurfacos of cortain aolida. 
'I'lnj tbooroniH wiu'o bowiivor prcvioualy unknown, and tlioir 
onunoiation oxoitod griaib iuloroHt, 
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Revival of interest in 2 iure geometry. 

The close of tlie sixteenth century was marked not only by 
the attempt to found a tlieoiy of dynamics based on laws 
derived from experiment, but also by a revived interest in 
geometry. Tins was lai-gely due to tlie inlluonce of ICoplor. 

Johann Kepler*, one of the founders of modern astronomy, 
was born of humble parents near Stuttgart on Bee, 27, 1571 and 
died at Eatisbon on Nov. 15, 1630. He was educated at '.rubin- 
gen; in 1593 he was appointed jn-ofessor at Grlitz;, wlicro ho inado 
the acquaintance of a wealthy and bonutiful widow wlioin ho 
married, but found too late that he had purchased his frooclom 
from pecunini'y troubles at the oxponso of domestic liappinoHS. In 
1599 he accepted an appointment ns assistant to Tyoho .Bi'iihe, 
and in 1601 succeeded his master as astronomor to the oiuijovor 
Rudolph II. But his career was dogged by bad luokj (u’Ht his 
stipend was not paid ; next his wife wo3it innd and thon died ; 
and though he mamed again in 1611 this proved an ovoii inoro 
unfortunate venture tlian before, for tliougli to scouro a bettor 
choice he took the precaution to make n preliminary solootion 
of eleven gills wliose merits and demerits lio carefully analysed 
iu a paper which is still extant, lie finally soleotocl a wrong 
one; wbde to complete his discomfort ho was oxpollod IVom 
his chair, and nanwly escaped coiidenuiation for hotorucloxy. 
During all this time he depondod for his incomo on tolling 
fortunes and casting horoscopes, for as ho says “naturo wliioh 
lias conferred upon every animal the moans of oxistoncci Jms 
designed astrology as an adjunct and ally to astronomy," Ho 
seems however to have hod no soruplo in charging lioavily I'or 
his seiwices, and to the surpriso of his contomporarios wuh 
found at his death to have a conaidorablo hoard of nnuioy. 
He died while on a journey to try and rocovor for tlio boiiofit 
of his children some of the arrears of his stipend, 

* See Johann Ke^iilei^s Leben md Wirk&i, by J. L. E. BroltsohwerL, 
Stuttgart, 1831; and B. Wolf’s Qesehichte der Astronomic, Muuioh, 1871. 
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111 duKoi'iliing (ijillliio’H work I aUndoil bnofly to the tlirco 
livwH in iiHti'onoiny biiiib Koplnr hiul diHCOvovod, and in oonmic- 
tion willi wliioli his niuiio will always ho iiHsociatod ; and I 
liavo alrondy montiouod bho jiroiniiionb part lio toolc in bring- 
ing logaritlinm into gonoral uao on tlio oontinont, '|]1 icho aro 
raniiliav fuoLs, hub it is not so gonorally known that lui wiis 
also a gooniotrioian and algohraiab of considoniblo jiowor ; and 
tliat lio, JJt'sargnoH, and porliaps (laliloo niiiy lio oonsidorod as 
forniing a connooling link hobwoou bho inatlioniatioians of tho 
I'onaiaHanoo and Unmo of niodorii biiiios. 

l\n]ilni'’H work In gooinobry coiiHists ratlior in aortain general 
lii'inciplus wliioh ho laid down ami illuslratod by a, few cases 
than in any Kystoinabio oxposibion of bho subjeeb. In a short 
olmpbcr (olia)i. IV.) on conics iiiHortcd in his Parnlipoim’.na 
pidilinlu'd in KIO-I ho lays down what ban boon oalhal the 
priiuiiplo of continuity; and gives as an oxamplo the statoiuonb 
(Jiab a |)ai'aboia is ab once bho Hniiling csko of an ollipso or of 
a ]iy|iorliiila ; ho illnstraU^s bho sumo dooirino by roL'oromio to 
blio foci (il: conicH (the wm-ilylw/fH was inlrudmiod by him); and 
lio also o\[iluinH that pavidlnl lines Klionhl )io rogavdod as inoot- 
ing at inllidby. 

In his StiVi'mtdrff which was published in i.()ir> lie dotor* 
mines the vohtmos of eortalu vossels and the areas of certain 
Hiuiucos by iiieans of InlinileHinialH, instead of by tho long and 
tedious motbnil of oxhansbions. ^rhesn invosbigabinns as wnll 
us those of KiO'l arose fisnu a ilispnto with a wine moreliant as 
t<i tho proper way td' gauging tho eouteiiLa of a caslc. 'I’liis 
use of inliiiibestmais was ohjeoted bo by (hddinus and other 
writers aa imuainrato, but though tho methods of .Kepler are 
not altogether free from ohjeebioii ho was substantially correct, 
and by applying tlio law of eoutiuuity to innuitesinmlH he 
jirepanal the way f«>r (lavidim’i’s mothod of iudivisihles and 
the inlinitesimal ealeuluH of Nowboit ami Leibnitic. 

Kephir's wia'k on asbronoiny lies outside tlie scope of this 
book, I will only iiiuubuin tliab lb was founded on the ob- 
HervatiouH of Tyolio Braho (burn at Kuudatrup iii ITnlG and 
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(lied at Prague in 1601) whose assistant he was. Hih tliroo 
laws of planetary motion were the result of many and hiboriouK 
efforts to reduce the phenomena of tho solar system to ciortiiiu 
simple rules. Tho first two wero published in 1600, iiiul .stated 
that the planets described ellipses round tho sun, the snu 
being in the focus; and that the lino joining tlio sun to any 
planet swept over equal arms in equal times. 'L'lio tliird was 
published in 1619, and stated that tho squares of tlie periodio 
times of the planets wei'e pi*oportional to tho cubes of the major 
axes of their orbits. 1 ought also to add that ho attempted to 
explain why these motions took place by a Iiypotliosis wliieli 
is not very different from Descartes’ tlieory of vortices. 

A complete edition of Kepler’s works was inibHslKul hy 
0. Frisch at Frankfort in 8 volumes 18C8 — 71 j and an lumlyHis 
of tho mathematical part of his chief woi’k, tlm Jlavinoiiici) 
muiidiy is given by Olinales in his Apo'^i hisloviqiio. 

While tho conceptions of tho gooinotry of tlio Qr(}nlcH worn 
being extended by Kepler, a Fronchinau, wlioso iianui until 
recently was almost unknown, was inventing a now niothod 
of investigating the subject — a method wliioli is now known 
as projective geometry. Tins was tho discovory of DosiirgiU'H 
whom I put (with some hesitation) at tho eloso of tins porioil, 
and not among the mathematicians of incKlorn times. 

Gerard Desargues* born at Lyons in IfiO;} and died in 
1662, was by profession an onginoor and lu-cliitoct, but lie gave 
some courses of gratuitous lectures in Paris from 1026 to about 
1630 which made a gi-eat imin'cssiou on his oontouqioriiriun. 
Both Descartes and Pascal had a very high opinion of Ids Avork 
am abilities, and both made coiisidorablo uso of tlio tlmoviiiuH 
lie had enunciated. 

Mo.st of his reseni-ohes were ouibodind in his nrauUlim 
projet dee coniques published in 1639 a copy of whioh was dis- 
covered by Ohasles in 1846. I take tho following summary 

186i ^ ^eeargues by M, Poudra, 3 voIh., PnilH, 



DEHAUaUKS. 


227 


of it iroin a ruoont work on g(«nn(5tvy. ^kwiivgnoH conimomsos 
with a Htatoiiuiiit of tlio dootriim of iunnity an laid down by 
K.ciph'i' : thuH tlio pointa at tho op])OHit(J oiuIh of Ji atvaight linn 
iiro ni^ardod jih (toiuoidont, parnlkd linos aro tj-oatod an inociting 
at a point at iiiliiiity, and pavallol pianos on a lino at infinity, 
wliihi a Htraij'lit liini ttiay bo (sonsidorod as a oinilo whowi oontro 
is at inrinity. Tin' bluiory of involution of six points, with its 
HptHiial uHHOH, ia fully laid down, ttnd tlui projootivo pniporty 
oC piinoila in involution is ostiihlishod, Tlio tliooiy of polar 
lincM is oxjioundvd, and its aindo/'iio in HjMUio sng/^ostod. A 
limgout is doliuod as tho liiuiting oaso of a sonant, and an 
asyiiiptoto as a lauginit at inllnity. Ho hIiowm tlmt tliii liium 
wliloli Join four poiiilH In a jdano d<«l.oiniiino throo pairs of linos 
ill involution on any trnimvomil, and froiiianyconio through tho 
four points anolhor of linos oaii bo obtainod wliioli aro in 
involution with any two of tbo formor. Ho ju-ovi^s tliivli tho 
points of intorso.otion of tbo diiigonals and' tho two )»aivH of 
opposito sldos of any tjuadrilatoral insonbod in a oouio aro a 
oonjugato triad with vi^spoot to tlioooiiio, and wlion ono of tbo 
tbroo [loinis is at iniinity its polar is a diauiotor; lait ho fails 
tooxplain tiinoaso in wbioli tlioquadiilaloral w a pandlologrion, 
althoiigli li(' had fonmsl |.|io oonouption of a straight lino whioli 
was wholly at Inllnity. Tbo bmik lluu'c^foro may bo fairly said 
to coiilain tlio fuudaiiiontai tbooroms on involution, homology, 
polos and polars, and on tho rolalioim lH>twi'on two oonloH in 
]ii)i'spo(ir[vn. 

'I'lin inllnonoo oxortod ly tbo loistnnm of DosarguiiH on 
Hoh»!iiiI,os, I’liHoal, and tbo !'’i'i*m)Ii gooniotnoiuns of Iho soviui- 
Loonlh (S'litiiry was oousidorablo; but tlio subjisit of projoctivo 
goomoliy soon ii-ll into oblivion, oliiolly broauso tlui analy- 
tloal goiimoiiy of Ibwoiirtos wiw so iiutoli nioro poworfid as a 
mntluid of ju'iiof or ilim-ovoiy. 

'I'lio ri'Hoarolii'H of Koplor and J)rsarguos will siu'vo to 
roiuind us Ibat as llio gooiiiotiy of tho Hristka was not oapnblo 
of iiiiioh furtlior oxtoiiKion, niullioniatiuiauH wovo now b(<ginning 
to sock Ibr now niolluids of invoKtigalion, and wovo oxtouding 

ir .~-2 
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tliG conceptions of geometry. The invention of analyticnl 
geometry and of the infinitesimal calculus temporarily divovtcd 
attention from pure geometiy, hut at the bogiiming of tho 
present century there was a revival of interest in it, and siiico 
then it has been a favorite subject of study with many iinitho- 
maticians. 


Math&niatical knowledge at the close of the renaissance. 


Tims by the beginning of tho seventeenth eoiifciiry wo tnay 
say that the fundamontal piinciples of arithmotio, algolna, 
theoi'y of eqitations, and trigonometry lind been laid down, iind 
tho ontline.s of the subjects as we know them had Inmii triicnd, 
It must however bo remoinbered that thoro W(jro no good 
olomentary text-books on these snbjocts; and a kiiowksdgo of 
them was thus confined to thoso who could oxtraot it from tho 
ponderous treatises in which it lay buried. TJiongli i iiuoh of iJui 
modern algebraical and trigonometrical notation hncl boon in- 
troduced it was not familiar to mathematicians nor was it ovou 
universally accepted; and it was not until tlio oml of tlio 
seventeenth century that the language of tho subject wns d(i* 
finitely fixed, Oonsidering the abseuco of good toxt-boolcn I 
am inclined rather to admire the rapidity with which it oaiiwj 
into universal use, than to cavil at tho liositation wJrioh wrilorn 
who desired to make their results imrfectly dear showed to trimb 
to it alone. 


If we turn to applied mathematics wo find on the otlior 
hand that the science of statics Jiad made but Jittlo utlvjuic<» in 
the eighteen centuries that liad elapsed since the tinro of Arelii- 
medes, wlule the foundations of dynamics wore only laiil by 
Onhleo at tho close of the sixteenth century. In fact wo 
shall see later it was not until the time of Newton that tho 
science of mechanics was placed on a satisfactory basis. 'Plio 
fundamenta conceptions of mechanics are diffioult, bub tho 
Ignorance of the principles of the subject shown by tlio nmbho- 
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niiitioiaiiH of tliiH Liiiu! ih ^wsiitoi' Ilian would liavo boon antioi- 
paLod ft'oiii thoir kiiowhidi^) «C puro niathuiiiiitidK. 

Witli thin oxcniption wo iiuiy Hay Iluvt tlio pi'iuoiplos of 
(umlytiiial f^ooinotry and oC tli<» infiiutoaLmal niilouluH wcsi’c 
iHKulinl Imfovo tlHn'o wim Ukoly to 1 »» liiiudi fui’tlior j)i’ogri‘Hfj. 
'I’lio ibi'inor wioH iimploynd by Dohoiu’U'h in IfiJIT, tlnj Inttiu' wns 
iiivinitod by Niiwton (and pimsibly indopoiidniitly by Loibnity,} 
Honio tliiriy 01' fiii’ty yoava hiborr and tlioir inlfnduotion may bo 
talcim iKi iiiiii'lcing tbo coimmmooim'ut of tlio ponod of nnalorn 
niatliimiaticH. 



THIRB PEUIOD. 


MODERN MATHEMATICS. 


This penod begins mih ilte invention of analytical geometry 
and the infinitesimal culeulus. The mathematics is fim' more 
complex than that pn'oduced in eiilter of the preceding periods : 
hit it may be generally desci'ibed as characterized by the de- 
velopment of analysis, and its apjylication to the phenomena of 
nature. 


I continue tho clironological arraugomciit of tlio 
Chapter xv. contains the history of tJio forty years IVoni 10M;» 
to 1675, and an account of tho mathematical (liHcnv(jvi(iH of 
Descartes, C'avalieri, Pascal, Wallis, Porinat, and Iluygoiw, 
Chapter xvi. is given up to a discussion of Newton’s roHoiirolnjH. 
Chapter xvii. contains an account of tho worlcs of Loibnity, and 
bis followers during the firet lialf of tho oiglitoontli 0 (!iitiiiy 
(including d’Alembert), and also of tho contemporary I'lnglish 
school to tho death of Maolaurin. Tlio works of lOulor, La- 
grange, Laplace, and their contemporaries form tho subjdot- 
matter of chapter xvni. Lastly iu chapter xix. I have .uldiul 
some notes on a few of the mathomntioians of recent tiiiuwi 
but I exclude Imng writei-s, and partly bocauso of this, i.arLly 
for other reasons there given, Uio account of contemporary 
mathematics does not pi-ofess to be oxlmustivo or completo. J 

tu Lfi 1 *'■“ “ '"'t 

as I sJionld have wished, and tho hvos ol' tin, 
mathemataians considered at the end of one chapter gcorally 

:rtrn:^:Xt:^ ““ “"-j™"' 



CHAPTER XIV. 


FEATUllES OF MODERN MATHEMATIOS. 

The diviaion between this period and that treated in the 
last six chapters ia by no means so well defined as that -wliioh 
separates tho liistory of Greek mathematics from the mathe- 
matics of tho middle ages. Tho methods of analysis used in 
the sQventoontli century and tlie kind of problems attacked 
changed but gradually ; and tho mathematicians at the begin- 
ning of this period wore in immediate reiations with those at 
tho end of that last considered. For this reason some writora 
have divided tho history of mathematics into two parts only, 
treating the sohoolmon as tho lineal succoBSors of the Qroolc 
mathematicians, and dating tlio creation of modem mathe- 
matics from tho introduction of tiro Arab text-books into 
Europe. Tho division I liavo givon is I tliink more con- 
venient, for the introduction of analytical geometry and of 
tho calculus complofcoly revolutionized the dovolopmont of 
the subject, and it thoroforo seojns pi*ofoi*ablo to talco thoir in- 
vention as marking the oommonconioat of modern mathematics. 

Tho time that has elapsed sinco th<»o methods wore in- 
vented has been a period of iiioossant intollootual activity in 
all departments of Itnowlodgo, and the progress made in mathe- 
matics has been immense. Tho gimtly extended range of 
knowledge and tho i-npid intercommunication of ideas duo to 
printing inoroase tho diflionlties of a historian j while tho mass 
of materials winch has to bo inastored, tho absonco of per- 
spective, and oven tho cohoes of old oontrovorsies combine to 
make it very diflioult to givo a clear and just account of the 
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tl(ivolo])iii(int of thd HiiIijiHit. j\h Imwnvtir j,]|i! Iriidini. fiuilfj 
aro gDiionilly known, and l.li« wurka |MihliHiic.l iliiiing 
time am awsasniMo ta aii}' utiiclont, I inny .loid mom ooirniwiiv 
with tho ]iv(!H ati.l wriMiigit nf tnuilnrii nmllimimtioiiiiiH timn 
with thoHii oC tlniii' ]tmiln'«>.s!«>iu 

Koiighly H|ioal;lngwo may nay timl. Jivn diMtiiml. [,1 

tlio liiHtoiy of thin porioil amt ho diiirortioil. ' 

/'Vj'.s/ of nil thorn m tho iiivoiition nf iimilviioiij gootiiotry’ lor 
I)(tmart('H ill Ki.'i?; mid al, |.lm omno tinm' tl,,. 

(liKitioii of tht^ iiiothod «*r ImliviHihioi, hy {|ii< lioo nl' whioh 
anm.4, voliniioH, and tho nf i-oiihv!i nC nm-u ,.,m i,,, 

(lotonidiiod hy aummatiim in a iMmiintf miiijogoii>i |n j,|,n|, 
(inhutod uow-a-daya hy Iho aiti oC (Im iiiloKmi ouloiditr.. TIio 
iiKitliod (if iiidlviHihloH was anon niijnn 7 iodi'«l hy iho iiil,(<f-'jid 
eiiUiuluK. Aimiylioid gotaaolry Imwovor iiiuiiilahia ii<i iJinilJnii 
aH pan or tho iiootwmry (.mltdiiK of ov.tv hiall.rim.l i.-ian, and 

iH moompamhly mom poio„|. ihaa tho no. tl.o aiioioid. 

lor all piu-p.mt.M of maoamh. Tho latha- ia aiill m, doulit 
im admii'ahlo iiitolloutaul (.minhig, and h fnaimmlly aUhrd,, 
an ologaiit doiimimtrathm tif maao |M-u|>u.-u(jon Iho tnilli nl' 
whioh ia almudy known, h«|. it. m.,„iroa a a, ..vial pmoodum 
•H’ imvy pmhlom attaoko.1. Tho formot- Dm nlh.a' hand 

layH down a f.nv aiiaplo ndoa hy whioh any tv can ho 

at oiioo pmvod (m* diapfovod. 

Ill tlui mmiU pliicui WII l„ivi, iho iiivoiilinii iho IliiNimoil 

T ' ™l«'lllW olonil (u,ol on iiolnno,,. 

■l™.t.ov.,ul,oo „l ,t in 11171), WIOTOV,.,. O ,,,ou,lilv nlou,,-,,. 

mhnu to lo,v (oo.l oohi lhin„„ 'io ooMur 

, ™ '''ll"''nol.iol ,•„lo„hm I 

inln nf l.oinm™, nr „,„1 



«■) , nK(l mo), I 

111 UH„,m,l,„K Pnwni'H nf ,o i,y „„„|, 

, 

H..V I 0 , ii 
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powcti'rt of rti in ill vciluoihlo to a hIh^Io niinplo rule 

wliich (ioVDV.s 111! iiiiBoH iilikd. Ho a^rahi tliu fcluuivy of innxiuia 
imd iiuiiinni, tilui (lotoi-miimtioii of the Ioii^Uih of om-vos or tho 
lU'oiiH iiiioloHod liy Idiom, llio ilotonninatiou of niirfiicos, of vol- 
umos, 1111(1 of ootiiroB of iimHB, luiil immy otlmr proliloiim iiro 
(imili nnliioililo (d ii Hinglo ruin, 'rim tlmorio.s of difroronbiiil 
otiiKiLioiiH, of tlm (iiihmlim of vurluliom, of linito dirtoromms, itu. 
lU'o tlio (lovoloiiiii(ml,K of Urn idi'im of Uio oidoiiliiH. 

'.riK'iKi milijimlH woi-o tlio iw<t Kroiili iiiHUniiiumts of fiirfclmr 
projj^'i'oHn, In Imlli of i.hom ii wirt of immliino linn boon con- 
Hti'imtod! l;o hoIvo a problom, U in only mmewary to )m(i in tlio 
jiai'Uoular fiumtion opomlnd on, or tlm o((uaUon of tho parti- 
ijulivr oiu'vo or nurrimo to Im ooiiHidorcd, and ou ))(>vforniin{i 
oorLuiu Hiiiiplo proiviwoH tho roHulb oomoH out. Tim validity of 
tho prodcNH in jirovod oium lor all, ami it la no lon^or itijuihUo 
to iiivoni; aoiim npoaial nmtliod for ovory wjiaruto funotion, ourvo, 
or am'limi!. 

In tho Ikml iilaoo llny^mim laid tho foundation of a Hatia- 
iaotory troiitiiiont of ilynaniloH, and Nowton rodimud it to an 
oxaut Hoioimo, 'I'lio lattor inatlnanaltrian iirooooihal to apply 
thoHo two now oiigiitfH of aiialyam not only to nmiioroiiH proh- 

Idiim ill tlio I of aolhln anti iluhlH on tlm oartli Init 

to tlm Holar ayntciii : tho whoh' of nmohanica torroatrial and 
tailoHtitd wan Ihiia linm^dit within tho domain of niulhoiiiaLioH. 
Tlmi'O in no tlouht lhat Nowton umoiI tho rahniliiH to ohtiiin 
many of hia rontilla, but Im hoohih to havo thoiiglit that if Ida 
dmnoiiNtratioiiH wi'i'o oMlaliiialmd liy tho aid of a now HoioiKio 
which wan at lhat timo ^mmrally unknown, hia orltioH (wlio 
would not uiidoi’Htand tlm lluxionnl oalouhia) would (ail to 
rcali/o llm tnilli and iinjiortaimo of Ida diHoovorioa. Jlo 
tlmrofoi'o iloloi'iiiiiiial to gi\Mi j4inimotrloal proofs of all Ida 
rcaulta, Jin nci!oi’diii)idy oaat tho Wmai/nu into a j'lKuimti’icial 
form, and lima proaontod it Ui tho worhl in a liui/.jua/'o whioh 
all moil could (lion uinlorHlainl. 'I'lio tluau-y of nmohaiiica was 
ooiiiplolod hy l,a]ihtoo ami .r.n|{nuigo towania tlm end of tlm 
oightooiith ooiitiiry. 
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In fcho fmrlU piftoo wcj may wiy Mint I-Iiih jKH’iod 

tho ohiof bmiiohoH of pliymoH liiiVit Imoii Itrou^lili witliin tlin 
Hcojio of nmblnnnatitJH. TIiih oxbonHioii ol' Mio dimmin oi: nmtlui- 
nnitica was oomnmnocd l)y lluygoiiH iiiid Nowton wlum (Jiny 
pi’opounilod Umir tlnwM'iisK of ; Itub il. wiih not until tlui 
iKjgiiining of thiu uoiilury tliub Hiiiruuniitly mttuiniLn olitini vatiouu 
w'uro imido in imwli phyHioiil miltjnuiH to cmaldn nmUituiiatind 
i'(‘a.s{)ninf? to Ito ajjplioil to Uu'in, l''rMin tlio ri'iuillH ni tlin 
obHorvabiona anil oxponmoiilu whiuli Iiavn bi'iui idiM-n |)ul)li>ilind 
mimorouH ami far-mmliinf? ooiiolimiimH Imvn In-nii oliluiiuHl by 
(iho iwi of nmlilnnnaticH, but wo now want aoino nioro iiinipio 
hyjiobiuiKOM from wlnoli wo oaii <l(!ilin’o iJtoao lawn wliioli at 
lU'oaiinb (ono our H(arUo|'-pi»iut. II'. to tako ono oxaui|ilo, wo 
could Hay in what olnotrioily (auuuMl-od wo t^ol, aniiiif 

Hiinplo lawH <u* liypotlioHOH rr«aii wliioli by llio aitl til' niatlia- 
matiiw all tho iiba<'rvo<l plionomoiia iioiibl bn doiliiood ; in l-liu 
Kamo way aa Nowton dodimo«l all tin' inumlla of phynHia! aal-ro' 
iiomy fr(nn blio law of j(iavitati(*n. All ol! I'oiionrnli Hiutni 

inoroovor to iiidloato that tht'ro la an liitiiimto I'nniioiilioii bn. 
twonn tito dilVoront braimlioH of jibyKion, botwoon linlit, boat, 
olcoLi'iciby, ami niaj^notmiu. 'I’ho nltinml.t) i^xplaimtioii of tliia 
and of blm loatUn;; facta in pbyniiui aoniim to doiimmi a ntudy 
of inoloonlnr phyalcH ; a knowhalj^tt of niolomiliii’ idiyuiun in itn 
turn NomUK to r(M|Mivo hoiiio tlioory an to tho ooiintitutioii of 
mattov ; ib would fnithor appear that tho key to iho coioititii” 
tioii of inattur ia to l«» ft>Mud in (;lioiiiiiil,ry nr olumiioal pliyoion. 
■So tho )nattor Hbandn at jiroaonb. I ioloiholtt’, in ( ionuaiiy, aitd 
MaxwoU and Sir William ThoniHon in I'hii^lnnd, Imvo doiio a 
^I'cat d<!al in applying' luabliomaticn to |)hytu('n ; but tJio con- 
noction botwoon tlio dillbronb branoluin of pliyhicn, ami tbn 
rnndaimmtal lawa of thoao branchoH (if thoro uro any riim|)h‘ 
oiuih), aro viddloa which aro y<it uiuiolvinl. Thin liiiitory dni'n 
not protinid to di>al with probloniH which aro now the nnbjool 
of! invoabigatlon, and lhouf{h inatluunaliitiil phynicn Ibriim a 
largo ])art of “modoni muthomalicH" I aliall not treat of it 
in any dotail 
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Fifthly thiK Iuih hcou an inimnnao oxtouBion of puvo 

iimthonmtioH. M uch of tlnw is tlio oimtiou of coinpiivativoly 
rocmiil'i tiiuoH, luiil I rt>Kunl tlio dotailH of it uh outHitlo tho limite 
of thiH l)oiilc, in chiiptov xix. f liiivo allowed inyBolf (,o 

omnuoratii Uui HiihjtsotH diHcuHHod. Tho inoHt ohavactoriBfcio 
lloaUu'OH of it lu-o lilm dovolopiimiili of liii'liov gooinotiy, of 
lii^lmr ariUuiH'tio (i.o. fcho tlusoi-y of uunihovH), of liifj[lioi- 
iilf'obi'a (iuoludiiiK Iho klioory <d' foniw), and tho diKOUHsiou of 
funotioim tif doul)lo und multiph’ jHji-UKlioity. 



ciTAr'rJOR XV. 


JUSTOllY OV jrATlIKMATUIS IH'lHdAUTl'lH TO I1UY(II';NH. 

CJIIM!. lOHf) — l(»7r). 


I 1 'UOI‘OSK in tlnn oliaptnr tc» (itnumlttr Uio liinltiry nf inatluv- 
inatioa during Uni tnrty ymru in tlia middIn of Mm Mnvmi(,('t>nMi 
CiiiiLury. I rogard ;i-)< 5 H(auT(iH, (Javnlinri, I’asnil, Wallin, l'\iniial;, 
lidfiHibly Harrow, and Miiygotm iia Mm loading niaMmiiiaMiiiiinn 
of tliia tinio. 1 hIuvU (-roat tlmm in Mial; onlca-, and I Kliall 
cnncludo with a hriof Hat of Mat nmi'n nmha'nl rmiuiiniiig 
umtlumiatioianH of tin' aiimo data. 

,1 have alroady Htatod that Urn niaMminatiolaim of thin 
poi-lod— and tlm roniarlc applioa inoro imrtiimlai'ly to DtmoartoH, 
Pascal, and h'ormat -worn largoly inllimimnd by tim toaoliiiig 
of ICoiilor and :i)«5HarguoH, ami I wmihl ri'piiat again lilmt i 
rogavd tUoHo lattor and (lallhio oh rorming a (joinituiting link 
hotwotin tho wrilora of tho nmahiHiinfo ami thomi of modorn 
tiiiioH. I Khouhl alao add Miat tho nial^mniatioituiit ooiinidorml 
in this chaptor worn «onl.(aa|»(n’arioH, and altlmiigh 1 liavo triad 
to |ila (!0 Mnan roiighly in aiioh an ordov that llmir oldof worka 
Hhall como in a ohr<moh)gh'al uvrani'onmnt it ia (‘.‘tmsdJid to 
voinoinhor tlnit tlmy W(a'o in rolation onn wiMi tho otlior, and 
in gmnoral muinalnhal with ono aiioMior'a ronoarnlmH as sooji 
as tlioao worn ]mhIiKhod. 


Hulijoot to thoao ninmrka wo mn,y oonHidor l>i’S(’ai'L(!s an 
tho first of tho nindorn aoliool of mallminatii)H, A'cno PoHcartoS’''’ 
was horn, noar Touvh ou Mandi IJl, Ifdld and dind at Stook- 

* Hoo Tm vie de DcHeartCH l>y Dailliil, U vots,, t’luin, illlil, wlikih 
is HHimaarlzod in K. IdKohor’a (tpmihiphlo t/cr Nntnn 1‘liilii.niphli-, 
Mninilu!lin, IKOTa A lolimihly noiaidslti iKimanit of his iiialluaiialiiial 
niicl pliysioai invoHlI|{ntioiiH is kWoii in I'liKoh and (hulna'a F.iu-yiiloiiUtllc, 
ami ia tliu authority fur iuohI of Ihu HliUoim'iils laiid ooiitaiiiud. 
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holm 11)1 H, ni 5 (): lin whk tlniH a <!onlnmp)ii'ftvy of (hiUloo 
unil Dohiivkh'^). ll>» fatlinr, who uh Mio mum' impUoK wim of a 
miod family, wnn m’tmHl-.inimn Lo Himiid hall' tlm yoar a(; Jloimt'H 

whim l.hn hmal imrliiui in wliiali ho hold a oomniitiHioii an 

couimillor nvuh hi aoHiiloii, ami Urn wit of t!mti)mio)i hin family 
(•alato of /an (Ui.rh» at hi lliiyo. llomi, thoaoaoml of a family of 
two Hoim anil nm- ihni^htor, waa wait at tho aj^o of oiglit yoai's 
to Urn .loimil. Halmol at. in l‘'!ai!ho, ami of tho admimlilo (liKoi)iliim 
mill otliiniUmi timro f;ivi'U Im aiu-aliM iiioNt highly. On aiumimt 
of Ilia ih'liaalo Imalth ho waa iiormitUal to lio in luiil till lato in 
till) )imrninH"; '•ualom whh-li ho ahvayn followod, and 

whim lin viiiiioil IW-a! in KHV ho told him Umt tho only way 
to do K'lml 'vni'l; in iiaithoiiiul.ioii and to |H'ow'i-vo liin hoalth was 
uovor to allow iinyoim to audio liiai jiot up in tho mornhig 
laifovn Im lolt im’limal to do no: an oianion which I ohronicU) 
fill’ tho lioiiolit of any aidioiilhoy into whom) litnidH tlda wnrlc 

mav fnll. , i 

On loavhiK imhool in Idl'd homniHoa wont to I’anH li) ho 

iiitrodiiood III lilt’ world of fituldon. lioro lhi'oiif<h tlin modiaiu 
„f tim .lonnila In' naido tlm aoniminlamio of il/yi/m’i/'i* »nd 
naiowod liiH aoh.ndhoy friond..hi|. witli Kalhor and 

ioaothov with ihom Im dovolod tho two yoimi of Ihld am 
UjK) to tlm atndy of jontlmmalma. At that tinio Llio aviiiyaml 
tho olmroh wmo tlm only ravoora iiiam to a mim of pomtinn, 


« r'/miit' -l/i/i/mvi', tiian at VadH la IfiHr. uml lUml In t(V17, lii'loiiKiid 

I . . a .n..lini-ui.ii. d •■r.iiall.v of tho ioIh.,- and waa Idiannir a maninil or 

al Ihi n t.-iomH-r lo tlio lno.d inirlumnml ' 

uidillahi il Momo wild.-, .a Hi’" of whiah mio Imniml m lItU ui Hti I 

ami ii in Hlil. lln (dati lofj a lama- 

ipt rouluiidm. omr a amiu.m nd ’T" 

nf whi.ih am mdil to ho wry Hu. cnma’iadona wov.i luililidu d 

ami d.d .a 1 ... m i.u.waa a 

J. 'iiila.lHvan fiiiiv. ivlm i.aido ll Ida hii..ha'«K lo know im.l cmnmimad wUh 

all tlm Knm.’li mallomatii-iiniH of limt dnla and many of thru' fmoiiji 
tiontami'imo i.'.'. 11*- i*iihli»had a lianalution of (lalllioa miH’1iiimi!i m 

lUllIi and Im «.ol.i a ovimioilr. of Maalm.oaUm. whiiih '^n- m 
llliu. Ihi law idwi lafl an inHmmit ol w»m« t*xiniilmi!iil« \n vliyaic . 
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1111(1 in 1017 .l)(!Hoart(»H Jnlimd Ihn lM•llly iif I’l-iiu!!! (>[ 

Omnga tlioii iit IJi'nila. Wiillthi/' l.lii(iii;'li Mki hIiooIm Im naw u 
])liuuml in whicli nxtiUcil lii/i iniriiinil.v, uml ii|.(i|)|)iiijr (]„, 

liiHli jn\Hnoi* iiKktid lihii Id ImiiKliif.' il. infit cilliiii' h'ti.iKili nv 
Lutiii, T)n! Ktmn^di*, who In Im lliiiioknm,, 

(lid hdiul of llio Dutrli Cidloi'd ii(. Dnrl, nll'.-nul |.u do il' 
DiiHmrloH would uhhwoi* i(.: iho |ilm-)iid ln'infr in t'n.il, u i-lutl. 

1 ( 111^0 to oil Iho woidcl (.0 Hoivct ii io-oIjIciii Mktu 

{,dv(m. ,|)om!ai-toHM'oi-!cc(l itiiiil witliin a Idw Ihuiim, hikI a wiinn 
l'n(iiidHhi|» l«)tw(!on him iiml Howisiiuiii wiin Iho lomilt, Tliia 
unox|i(‘«tttd U*Ht of hilt limllioinnlinil ol (oioiiiotilM niudo M,,, 
uiicoiigonial lllo of (ho tiiiiiy dhilnoloriil lo liim, hut. nmliT 
iiiniily mlluoooo and Inidithiu ho lonuiiiiod a iinhlioi-, and wan 
liomimdod ui. th« otniininiicoiooitt of Iho lliirly voiint' wiir to 
voluntoor in Mm amiy of lluvnrin. ilo ruiiiimiod nil thin tiniii 
to o('.t!U}iy Ilia loimim with iiiuthoiiial irni nlinlioji, and wiiii ins 
(lUHtmimd lo dulo Iho (irat idoaa of Ida m w |>}iilii!itiji)i,v tind of hU 
lUiulytioal ('oomolvy IVom throo droanui wldoh ho oxjiiiHoiiocit 

on Mm iiiKht of Nov. 10, lOI'i m Noiilmr,.; oaniimiKtiinK 

on Mm Diumlm. Iloalwaya ro-runird lliin mi Mm oriliniil day 
of luH lifo, and ono whioh dol.uininod hin wholo fiiliiro, 

,Ila roaiKimd Ida oomndiiaion in iln' n|iiin/< td' H’dll, and 
H|i(int Mm imxt livo yoai-H in M-avol, dimin;' nmnl. of whioh Mum 
ho coiiMiniod to atudy pui'o lanllionniliivi ; )m tlioii aoMh'd at 
I’aviH, and for two yoara inloroalod Idmnolf in Urn mnairuolion 
ot (ijitmal inatrummila. Ihit Mtono pni’niiiln won- only Mm ro 
laxiiMnim of oim who fnilod to lind in i.hi)..i.ni.liy Mini ih.-ory of 
Mm univaran whiali Im wiia oonvinood linally awaii.-.l him In 
iOliS (jardinal do llarullo, Mm fnnmlor of Mm I )i alo, iam. nmt 
.DoHiiiu-toM, and was no numh impivHm.d hy Ida oonvo.vmMoii 
that Im ni-Kod on him llm duly of dovoMoK Ida Hid lo Mn. 
oxiiiimiation of truth. Doaoarina aKnmd, ami l.lio iad,i,m lo 
ttociui'oldnmolffrom mtorrnpMon nmvod lo llollami M.mi at Mm 
ImiHlit of itH iMiwiiv. Tlairo for twi-iity yi-am h,, livrd, aivhm 
np (111 luH tiuio to philoaophy and maMminaMra. H.-imm.- Im 
sayH, may ba aoiuiHmid to a iron, iimtaphyiiira in tlin root 
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jihyhicB ia tlu) trunk, and tlm tliroo chi«f hvanchoK uro inu- 
ohanioH, inodioinn, niid nun’ulFi, tlusHo fovining llin thvco ivppUoii- 
tinnn of our knowloclgo, luiiiudy to tho oxtorual world, to tlui 
Imniiin Ixxly, and to tho oonduot of lilb : and witli tlioao nul)- 
jocita alono IiIh writingH arn conctirncMl. llo sponiv tho livBt four 
ycini'H, I ()2'J to KSJl'l, of liiH Hfcay in ] Holland in writing 

wliicli in a ])]iyKi«al blionry oftlio uuivor«o; Imt finding 
tiuit itH publication waa lilcoly to bring on him tlm liostility of 
tluj ohin'oli, and having no dijairo to poao na a martyr, ho 
nbtimlonod it: Iho inooiiijiloto ninnuHoriiib wan publialmd in 
KiGd. .1 J!o tlmii dovoLo«nilnm<dr to oo>u|>oHing a trcatiKo on nni- 
viiraiil Hoiandi) (irndudlng and ilhiHlniUid by dioptrioa, inotaovR 
inul g(iom('try)j tlim wan publmlmd iib dioydanin lOJi? umhm 
thn tibhj <h la vitHhoih pour him conduiri'. na raintm I'i 

ohnrohiW hr. wirjVc dnna bn HM'.muiHy and iVom it datcH tlio inviin- 
lion of analytical goonudry. In 1(141 1 h< imhliHlitid a worlc 
cjallcd j\tt\ditat'kvH in wliioli Im oxplaiiual ut grcator length 
bin vicjwH of pliiloKopIiy kh Hkolclnid out in tlia .Dmmm. In 
Kblrd ln> inHUoil tlm JYmdpiu p/tiloHophi(i\ tho greater piirt; of 
whioh wuH devoted to phyaical wnoiice, eHpeoially the law« of 
in(>t'ion and llw' tlnan-y <if v<n*ti(:<'a In UldT he received ii 
ptniaioM from tlieh'reneh court in honour of hin diacoverii'H. iln 
wont to Hweden on tlm invilation of the d^mieu in lOdl), and 
duel a tow iimiitliH later of inlhuiunatlou of the limgH. 

In ni)pi!artmce, I hmcarb^H waa a Himdl mim with large hnsid, 
pi'ojcustiiig brow, pronuinmt and black hair coming down 
to bin oyebrowH, ! lia voiim wan flMible, (JonaitUn-ing the raiigo 
of Ilia Htinlies Im wtm by no mwuia widely I'cad, and lio do- 
HpUod both learuiiig ujid art miloKH mnue(;hlng tiingiblo cimld 
bo oxtviietod tlmrofroin. In diHpOHitlou Im wuh cold and HelliHli. 
It iw Huid that Im roniarkiHl that nearly every man above forty 
if marrh-d Imavtily regretU'-d tlm fetlem In' had imimsi'd oji 
liiinHelf, whih» if Hinglii Im omni»luiiHHl of Ida loneliiicHH; thus 
ill eithor enmo the re'auU wna dimiiipeintniont, and ns no pvo- 
Ihninary oxiK'rimi'ul wan poaHible all that n wine man oonld do 
WUH to judge wliielt ctmmi waa likely to piMwo tho least evil In 
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w'olioii of tlio /iiHi'iiui'n. *riiiK i:i tlivlilnl inln iIhi'h ImkiIvn ; tl 
llriili (iWd nl' Mioso lifiil, of mmlvtifiil i;i'urnfh-y. anil Ilia l.liird 
an luialyimi of Ilia IIh'Ii I'ltirnil. Il in t linnialHnn, viv 

(litluiuR In rnllfiw llin I»iil wan iaio 

tinaal and dan Ik llin ji'alniiny "f I “Jc u’ai lii 

oiiiiH,” anya lin, “ drnjudn j’livnla jin^ ii i|in' in'i lain 

<|\li tin vaiilnui- dn aniivnii' toiii- iranroiciit- )iiii< iiiiiiii]Ua i 
dim quo jn ii'avtda vinii I'lndl qu'iltt ii'niiiifiniii. n.;ii an|uiiiivai 
ai jo inn fniitii' mndu itnan/ inlnllij^ildn jaini' riis.” Tim linitLii 
cntiunnia'i^n willi an aiialylinal tioluiinii nt a nnilniii pi'nlihi 
wliii'li Inul linini |)m|iitund<'d Ity l'a|>|nia in llm ncvniilli Imnli 
Ilia and of wliiidi aninn jiarlimilur «'a!in)i laid liOi 

(innaldnmd liy I'iiiidid and A|>n|l<ihinfi. Tim I'nin’ial llmiac 
laid liallind jimvinua j-fniimii‘i«dnii", and il wa-. in llm uMniu 
tn anlvn ili lliali 1 Iniinarlna wiia lnd |m llm iiivnuiinn nl' aiialylii 
}'noninU'y. Tim full ntiimriidinn oi' llm iuMldnin ia rallmi' i 
Viilviid, liul< llm nmtil' iiii|«>i-lanr nat;n {•« in Jind llm liniilil of 
{lointj HUiih lliat I'lm pnidiml. <■!' llm |H>i|ii>ndii'iilari< nti m /(ivi 
blriiiglili iiiina niadi in' in n n>ni>liiiil ralio lo llm pmiluni 
din iii>t'|iniidiiailai'a mi n utlmi- f'ivmi !.liai;dil liima, Tim |i 
oinnla laid ilnlvctl lliia I'm- dm ra-m m I, n 1, and llm nil 
111 ’ 1, H- '2 ; iiikI Pa|>|>iia liad I'ni'tln'r niaird dial if m ii I 
InuilH wiiH a irniiio, Init. t(uvn im Ilni nai i<>a al-m lailnd 

jimvn Uiia Ity jniii* j'l’iaimti-y, Iml in iiia nH'oi'ia lo dn nn 
intrnduncd a ayaU’iit nf mm'dinaln’i, and diim l•}l>'Wl<d lliaht 
ouvvn was vi'jimaniiM'd l»y an i't|niilimi of dm ant'iiiid dn^t’* 
dint ia wna a I'onin, Nnwlmi aidaii'qimnily ].;avn an idi';'ii 
anliiliou nf dm |irnlilriii liy |nn'n {^i'linmii-v. 

Dnarui’lna dividml nirvivi inln Iwn rlaa'ina ; nanmly, 
iiioii'idal and timolmuii'iil inu'vi<!i, liii di'llimd K^'oiimli inal mii v 
ua damn wliinli nan la» ^oimi'iitfd liy dm lulmimi'l imi nl' I wn liu 
(!U(ih iimviiig pai'ullit! In mm mm'diiindt n\ia widi "I'nniiiii* 


fliivuliln’' vuInnitifH, liy wliiali Im nmiiiil- dial. 


<•/ 

t/r 


waa an alq;idii'ai( 


funcLiou, o.g. tlm nr dm aiaHnld. I In I’allml a niii’ 

nuiohaiiical wlmii dm mdu nf tlm vnlnidlii'x <d' dman liima w 
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“inciiiiiiiH'nHUnililn,’' by wliicli hu nioiint that was atmnacon- 

(lilj 


(Idiitiil I'liiKiUon, tlM>«y«l(H(l or llio qimdratrix. Doscartos 
Ilia (limmHKiou to tlio a|)pUcafcio>i of’ al^^obra to goomntry, 
uml (litl uot Iri'al. <i£ tbo llioory of imscliaiucal ourvoB, Tlio 
t!l»HHili«iaib)n into algobniiaal uml tfaiiKwiiidoiital ouwcs now 
umiul in dmi l.o Nowbui («■(» p. 3i32). 

Ill tJiiii worlc DfHtiarfeoH paid partioular attinitiou to tlm 

tliiHii'y i»r tlio (tuigimis to ourvos an miglit porliai)s bo infnn-cd 

I'l'diii bin nyMloiii ul' oiaHiiiliimtioii Jiwb alluiUxl to, Tlio thou 
iinm'iil. (loliiiiUon of a buignnt at a point \ya 8 a straight lino 
l.liniugh tliii point imoh that hutwonn U anil tho ouvvo no 
oMior nlraiglit lino otnihl bn ilrawn, i.o. tho straight lino of 
oloiioat i^onlant. Ib'iinarti'H proposal to Hiibstituto for this that 
tlin langoiit wiin Ibi' liiniting jiomtioii of tho Hocimt; Format, 
and al' a liilnr dnin Mnnlaiiriu and Imgraiigi', adoiibsd this 
di'llnilinii. llurrnw, folluwcsl by Nowton and Loilniitu, oon- 
aidi'i'i'd a imrvn mi I, bn (iinil, of an inmniliod polygon wlion 
tiin nidns bi-i'oinn Indnlinltnly wnall, and sfalod tliab a sido ot 
tlin piilygitii will'll prodnoi'd biHrauio in tho limit a tiiugont 
1,0 (bn (lurs'n, Hidinrval on tho nlbnr hand doliiind a tangont 
al< a iioiiit' mi llm dirc'otinii of innlion at that iusl-tint of a point 
M'hhili WHS ih'snribiiig tho mivvo. *rhn rosnlls ai'o tlio siinio 
whlnhnvnr dnlliiil bin ia hoIooUsI, but tho uontrovorsy as to 
wliinh dnlinidiHi was l,bn norrnot omi was noun tho loss livoly. 
lioHi'in ti'H illntili'Hl,i d IiIh tlinory by giving tho goiuiral riilo for 
diitwiug langiiiiiH In a rniiloUo, 

'I'hn nmlhnil niiod by DoHnartou to find tho Uingont at any 
piiin(> nf a glvon onrvo was mihaUintially as follows. Ho du< 
Inrnilimd Iho imnlri^ and nidiuH of a oirolo wliioh Hlinuld out 
Ihn onrvn in two noinmniitivn pointa thorn. Tho tangont to tho 
nirnln at (hat pniut will bn tlin iispiiml tangont to tlio oiirvo. 
In nnidnrn ioxl bnnhs it in nmiiil to oxpniHH tho uoudition that 
two nf (hn pninlH in wiiinJi a nlraight lino (suoli as 'i/--mx + o) 
oulH tlin nnrvi* shall l•^^iunid« with ihogivon point: tluHonablos 
im to dnti’rminn m ami a, and so tho ocpuition of tho tangont 
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tliurn iH at {iiicf fomul. I»r.mmHi'n linwi-vcr ditl iml, v(‘i 
to do lids, Iml. KcliMilihf' rt na IIh« oiunili-hl dui-Vd 

Olio to wldoli lio know Imw tn «lmw a lan<<oiit, lio so (Ixc 
(iiriilo Its to niako it toiioli llio ;'ivoii onrvo riiid thus loi 
tho lU'ohloin to drawiiiij ii liuioont (n a oiioli-, i should 
in piiKsiiio that ho only nppHod this inollu.d to mii vou \ 
iiro aymiiH'ti'iciil ahont an axis, iiiitl h«' t«iok f ho rciitro o 
oiroh* OIL tho axis. As nn iUnslration oi' Ihis lootliod ] 
oonsidor tho oaao in whioh it is n>«|iiiri'il to ilraw a taii^'o: 
tho jiaialioia , 7 “ Is.s at tho |iniiit (io, 7 '), I'oiiuidor tho ( 
whoso isuitro in at (/», ())a.ncl radius /•: its LS|imlioii is 

(a; I-'-. 

Tho iilmoissio «•!' tho points whovo the idrolo mid pm'iiholi 
aro jfivon liy tlio oipuition 

Tho I'ootH of tills will ho oipiul ir lo" !• r'*, and tho 

ol' oiioli root will ilu'n ho // '^a. llonooA 2 a . 1 :' i.o. A lO 
and r'' 'ia(:s' i-a). This oiroio will now havo 4io saiiii 

j'l'iit at tho point (is*, I/') as tho paraholu has, mid as tho 
is Llotoi'iidliod mid tho tanf'ont to a oirolo omi always ho il 
tho pi'ohloin hi Holvod. 

Tho third lioolc of tho sootion on Kooinoiry is an mialy 
tho tthji'hrti thoii ourront, and it lar^oly atVoolod tlio lmi| 
of tho HuhjiHit hy fixiiiM tho iiustom of oniployiii^' tho lott' 
tho lia^iniiiiiK of tho alphahot to donolo Uiuiwn i{nmititio 
thoso at tho oitd of iJio alphahot to donolo tiiikiiovvn i|imii 
and hy inti'ndnolnf( tho ayiitoin of indiis-H now in in' 
think I )osom'tos was tlio iirst lo ri'aUr.o that his hittora 1 
i’o[S'osoiit any ipiantitios, pimitivo nr uof»ativo, and iimt. I 
hiUlioioiit to pvovo a prupoaithiii for nno ^oiioial oaso 
pai'o tho (dd proiuHlnro as illiiKtralrd on p. 2111). In Miii 
ho oniinoialotl tho ruin for doloriniiuni^ a limit to tho nv 
of positivo and of nof^ativo nails of an al;.;oliinh-al isiin 
whioh is still known hy hia imino; and iutrodnood tho in 
of indotoriiunulo (.sadlluioiita for tlm solution of oiinatioiis. 
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l)(\li(>V{'(l tlmt lui liud j'ivcni a iiiothod hy which algobraical 
oi' any tu’ch-r cniihl ho Holvod, hut in tliis ho wua 

iiiialiahon. 

'I’lio (ii’at Kiajlitm of tlio Dimmrs waa dovotccl to optics. ■ 
'I'lu' ('liiiif iiitcroHl. of Ihia oonHiHlai In the HtiitoiiKnit givon of 
thn hiNV ni' I’tifi'iua ion. Thm ai>i)(*arH to have hetm tiikon from 
Snoll’a work (w'n fooi.-noto )i. 218), but not only ia thcro no 
iioknowh’ilgiiionl. of Um aennwj fisna which it wan obtained, 
blit it in (‘iniiiiiiiiiod in anoh a way uh to load a oarolona roador 
to HiiiipoHo lhali it in duo to tho roHounihcH of DcncartuH. Dcs- 
carioH would noom to hrivo rc'piialod Siudl’a oxporiinoats when 
in 'l.’iiria in Kilhl or 1(527, and it in inwHihlo that lio Hubno- 
(junntly forgot how nuioh ho owcnl to Hunll’a luirlior invostiga* 
tioiiH. A largo |iarl of tlio opticH ia dovtitcd to dotormining 
tho boHt nliapo ol' tlo' Ioukoh for a tolrH(!o|in, Imt tho mocluvnical 
dillliiullioH ill griiiding aurfai-oH of gliwa to a riujuirod form aro 
HO groat im (o naidor (hoao iiivoKligatioim ofUttlo practical uho. 
IDi'NCiirtoH Hooiim to huvo Ih-oh doublfn) wliolhor to regard the 
rayn of light km proci‘oding from tho oyo and ho to Hpoiik touch* 
ing (lio obji'ol-, iiH i.iio (Ji-ooUh liad done*, or hh procooding from 
l lio obji-ct iiud ao alfmaiiig llio oyo ; hut Hinco ha uoiiKulornd 
tho volocity of light io lio innuilo ho did not doom tho point 
]iarliiniliirly iniporlanf. 

In (ho nrooiid Hoolion of thn lihcuHt's, oiitithid vietcors, ho 
('Xplaini'd tho rainbow. Mo wan liowovor unainpiaintcd with 
tho niimpml rofrniigildlily of ruyH of light of dillbront cohnu’H 
and til" cNplaiifUion in ihoroforo iniaiiuploto. 

l'’i'niiat oritioiHi-d Iho moilMida uHod in tlui JfmumvH in a 
latlor addroHHoil In a iiiutiial iViond who Hhowad it to IhiHcartoH. 
Tho hit.tor \v(oi vary wroth ul. Uioho ooinmontH, and in turn 
liitlorly al lui'kod (''ornnit'a work on maxima and minima. The 
olmoiuitv of liolli writi.'i'rt whh n oliiof caUHO of the ipuirrol, and 
it would iio mmoroKuary now to uionliou it, waro it not lor tho 
Invgts part il. oaaiipioN in tlio Hoioiitillo liiHlory of Ilia tiiiio. 

DitHrarloM’ pliynii’.il |.ho.iry of Iho imivorHa, amlindying moHt 
of tho r«‘HiillH l■on(ll^nod ill liin ourlior and un[iiihli8had In 
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monch^ was given in his PHndpia, 1644, and rests on a meta- 
physical basis. He commences with a discussion on motion; 
and then lays down ten laws of natin-e, of which tho first two 
are almost identical with the first two laws of motion ns given 
by Newton (see pp. 310, 311); the remaining eight laws arc inac- 
curate. He next proceeds to discuss the nature of matter which 
he regards as uniform in kind,, though there are three fornis 
of it He assumes that tlie matter of tho uiiiverso must be in 
motion, and tliat the motion must result in a number of vortices. 
He states that the sun is the centre of an immenso wliirlpool 
of this matter, in which tho planets fioat and aro swept round 
like straws in a whix'lpool of water. Each planet is s\ippOHcd 
to be the centre of a secondary whirlpool by which its satel- 
lites are carried; these secondary whirlpools are supposed to 
produce variations of density in the 8uri'o\>nding medium which 
constitute tlie primary whirlpool, and so cause tho planets to 
move in ellipses and not in circles. All these assumptions aro 
quite arbitiary and are unsupported by any investigation, It 
is not difficult to prove that on his hypothese.s the sun would 
be in tho centre of these ellijwes and not at a focus (as Kepler 
had shewn was the case), and that tlie weight of a body at 
every place on the surface of tho eai*th except tho equator would 
act in a direction which was not vertical. It will howovor bo 
sufficient here to say that Newton in the second book of his 
Principia, 1687, considered the theory in detail, and sliowod that 
its consequences are not only inconsistent with each of ICoplor's 
laws and with tho fundamental laws of mochnnics, but lu'o also 
at variance with the ten laws of natuie assumed by Do.scartoH 
(aee p. 319). Still, in spite of its crudeness and its inherent 
defects, the theory of vortices marks a fresh era in astronomy, 
for it was an attempt to explain the phonomona of tho whole 
uaiver.se by the same medianical laws which oxporimont shows 
to be true on tho earth. 

Almost contemporaneously with tlio priblication in 1637 of 
Descartes’ geometry, the piinoiples of tlie integral calculus, so 
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i'liv iiH (iH'y in'd «!oiu5(!riu5(l witli Kuiiuiialiion, whimi Ixiiiig worked 
out in lliily. 'I’Iuh whs olUicttscl liy wliat was oiillcd tho priu- 

ol: indiN'isikli’K, uml was Um! invoutiou oi! Ciivaliori. It was 
iippUod Iti lunminniH jirutdoiua omiuootad with fclio ipiiulraturo 
ol' (.Hii'Vns and anrfaaoH, tho cUstaniilnatiou of vohimi's, and the 
jKisiliimH of «!iMi(ros of iim«H to Um complnto oxolusion of the 
ladioun inolInKl of I'xliauations nstsl l»y tlio (irotiks. In prin- 
oii)ln thn nu^lhodH iiro Uiit hiiiuo, hub tlio notation of indivi- 
aiiiliiH ill iMUoli inoro oonoino luid oouvoniont, It was in its 
turn HUpoiHi'iliul at llto hoginuing of Um oiglUoonUi contury 
l)y tlio ini.ogrul oalonhm, hub its umi will ho fannliivr to (ill 
niiitlioiiaiiioinua wlio have roml any oonnuoutary on tlio lirst 
Hoobion of tlio lirst hook of Nowtim’s J’rhtcipia in tho (ippli- 
oiUioii of lomiiiaH 2 and 2 bo tlio dotonniniition of avoas, 
volumos, tto. 

/hinii'rntHm Otivallori* was horn at Slilan in 1598 and 
died at llologitn in Ih-IT. Ho hooaiuo a JoHuit at an early 
ivgoj on tlio rocsitninonclabioii of tho ()rd(*r lie was in ,1(120 made 
pvofofiMoi' of imithoniatios at lloh>gna; and ho continued to 
ooeiipy tlio oliair thorn until Ids donth. 

Tl'io pi'inniplo of indiidalhlos had heou used hy .Ivoplor (sco 
p. 225) in Utd4 and Hilh in a Komowliat orudo form. It was 
lirst slated liy ('avnlieri in l(i2ll, hub ho did not publish his 
resuilH till lildfj. In Ids early onuiudaliou of the jn’inciplo in 
l(i;ir» (Javalieri asnorlod Unit a line was made up of an inlinito 
mimlier of poiiils (oaeli without magnitude), a surfaoo of an 
inlinito mimher of linos (ouch witliout hreadtli), and a volumo 
of an iiiiinite inmihor of aurfaeos (eaeli without tldcknoss). '1.0 
moot tlio olijeeblons of (hildinus and othors tlio Htiitoinout was 
I’lionst, and in ils ninit form aa usod hy blio matliematioiiius of 
lilio sovonteoiilh ijimtury it wim puhlished in Uavaliori’s 

w’.*) in Hl-IT. TImwo omitniu tlio^ lirst 
rigid demonslration of tho piuimrlh's of I’appus (see p. 93 and 

• Ciividii'il’s Uhl Ims huen wrilten l>.v 1'. 3.'’nsi, Milan, 177(1} and by 
F. I’li'iliu'i, Milan. lMJ:h Tho kwiinH faolH am itivcn in the ihiic on haa 
hy (labrio I'laln, Miliui, IHW, 
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ji. 223). Oavuliovi’H worlcH on tlio Kul)jni!t wort* voiMMiKiil Avith 
liis lator cori'ociionH in irt/j.'t, 

Tlio nioUioil of iiidivimliloH ih Niniply l litii nay niii^oiiludo 
may bo divicbal into an infiiillo )iuiiil)i’i' nf miiiiiII ijuaiitiMou 
Avhiith oun bo nnuhi to Ixmr any nilitm (o.^r. ('(]imlit,y) 

ono to tlio otlioi*. 'I’lio lUialyKla f,dvi'n by (‘uvalii'i'i in A'ory 
iiivolvoil (oliiolly in oonHoi(iion<!o ol' liia litiiilinl iiowovn of 
HUiiiination) uni) ia not wortli ijuotiii;^'. 'P)jo |ii‘inoi|)li) is illiui- 
ti’uUiil by t]io folluwin/; oxainpio, tbn subultiinio nf Avliioli ia 
tulcisi I’l'oni Wallin. 

Lot it bo riHjuivoil 1.0 (ini) l-lio avou lionialisl by (Jin ])ui'a))ola 
AJV tho tangmit at A, anil any iliiimotor /><■, HoinploLo tbo 



liariilloioKnini d7»(.7). Divnlo AD into n oijiial imiln, lid, AM 
oontnin r of tlioni, am) lot MA’ bo (lin (r t l)Mi jmvl.. Draw 
il/7' and A'Q iiarallol to A/l, nnd draw /'A' imnilb-l lo AJK 
Tlion whon n boomnoa, inilolinitoly lai'/,'o tlio ourvilinoiu’ aroa 
./l/Y7./7win bo tlio Unlit ol Mio Hiitn of all |iai’alloiii;'ranoi liUo 
7'iV. Now 

iiroa PiY : aroa /ID 1 MD . .UiY : D(! . A D. 
lint liy tbo pvo(iorLioa of tlio paruliniu 
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Tluirofon) ultimat«yly 

lU'dii APCJ) : aim ]>]) 1 “ + 2® + . . . -i- (vi - ] )® ; 

= -i-3t(»i~l)(2ji-l) : 7i'' 
wliioh ill tlio limil s=l : 

lb in iim‘ha|m worth noticing that Oavaliori and his sue- 
ahvtiyn usisl tho imithod to Ond the ratios of two aroiiH, 
voIuiudu, or magnitndoH of tho Hama kind and diimmsions ; that 
iH tlioy iiovor thought of an area as containing so many units 
of area, ',1'lm idea of conijiaring a niagnitudo with a unit of tlm 
sanio Ichid kiuuhh to Imvo lionn tine to 'SVallis. 

I'b in ovidonb that in its ilinait Conn tho motliod is only 
anplioiililo to a fow ourves. I should add tliat in tho ease 
wlioro Hi is a iiosltivo iutogor Oavaliori provod tliat tho limit, 

wlion is indnito, of is , i.o. lio limnd 

till! vnlim of 1 !ir<^ni. 

.'ll 

Among tho conhunporainos of Dc-scartoH nono displayed 
groalri’ naturat gonius than Imt Ins roputiition msta 

nioro on what ho might huvo dono than on what lie aetnally 
ollootod, as diii'liig a oonshlorahlo part of his life ho iloomoil it 
liis duty to ili'VoUi Ills wliolo tlino to mligions (ixorcisos. 

JUnlxi’ PftHoal was horn at (/hunnont on iluno 19, 102.3 and 
di(id at I’avis on Aug. J 9, 10«i2. 1 l is iUtlior, a local judgo at Olm’- 
niont and hiiiisolf of sumo soioutifio rojiutation, movod to Paris 
in U'liil partly to prosoouU* Ids own aoicntilic studios, partly to 
carry on tho cilnoation of his only son who had already dis- 
)ilayod (ixlraordimiry ahility, Pascal was kept at homo in 
ordor to (‘iiHurn his m»t hoing ovorworkod, and with tho same 
oliji'ct it was dirocUid that liis education should at iirst ho cou- 
liiutd to tins HtUfly of languagos ami slumld nob includo any 
mallimmvtics. This mil.nvally o.xcitcd tlu! hoy's curiosity, and 
oiiu day lining tlum twelve yours old ho asked in what goomotry 
consislod. lis tutor ropliod that it was tlio scionco of oou- 
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Hti'uotiiij' oxnob ami <»(! ilrliniiiiiiiiif' 1,1m iiiopi.i'tuuiH 

bdtwoiiu tlioir (liDontnl; purla. I’linnil, utitiitiliil.ml ikp di.iibl, hy 
the injunotlon a/'aiiiat i-oailiii^' i(, «{«vn up Iii>i plu v (inid (o tliiK 
luw Htiiily, ami in a fow jiml diMi-iivriril I'nv lihnwilf 

iniuiy praprrtMjH of aiMl in pavlimilai' {.]m pimp.milbm 

tliiili Urn auiii of Mm aii^dra of a (rianfjlo m to |,\\n 
unf'loft, I Jnivn micl snmowlmri*, Imt, I •'innml lay my liamt ,„i 
tlui aiiLlioi'ily, Miab liia pnaif iimicly coimiiiliul in |,iiniiii;r tlm 
poiniH of u tmn/{iilni- picTu of pupor over no mi to 
inuoli ill tlm tmntrn of Uio hmonlMHl riivlo, A Mimilar ili-nnm- 
Htmtinn (ran Im fjot by Mm nii),'iilnr poiohi ovor im im 

to iiKidt at Mm foot of Mio p(ii-|Hin(liriilar ilrawu iVom | |m 
nnj*\i) (0 tlio ujiiiiiHilo nulc. IUh ftiMmi' nlnii'li liy l liin ilinplay 
of ability jfiivo liim a oopy of Km-Ud’H /Cli iiinifu, a Inmli wliini; 
PaHual riavtl with avidity and noon niaalm'i-d. 

At Llm af'n of |-[ ho wim adinitlnl |o iho wooIMy iiici'l.iii^rH 
of Holioival, Alommno, Alydor^r.,, ollmi- I'Vmich Ki'niimLii- 

(iiaiiH from wliioh (in KHifi) Mm apnuijf* 

At 10 Im wroto an oaHny on oonir aootioim ; amt in l(M] at 
tlm api of IK Im oonalnmM Mm liial. aril liiimli.-al iimi'hiim, a 
iimcliiim wliioh wnHiniphiviHlund paumiod a low ycara lal(<r, in 
lO'll). IIU noiToapimdoimo wiMi I'Vniml. abuiit lliin linm nln’wa 
that Im M-UH Mmn Un-niiiK Ida aMontion lo imiilyiioal |r„„„H.|ry 
anil pliyaifH. ilo ropoalnd Tomoolli'a oxpm'iiimiiln, by wliioli 
llm piVHimro of tlm atnmaplmm oould bo woi;.'ln'd, iiml •'onliriimd 
tlm timwy of tlm lammmtor hy obtaining at llm minm iimhuU, 
Its roailinjr at dillbmit ulMtudca on Iho hill of Ibiyol.' Donm 
_ In 1050, whrm in tlm midat of Mman rosoaroimo. his „|r!m- 
siHtor (Imil, and IWal anddonly abamloui'd his laviiiiHlo piir- 
suits to study rnllfri,„i, oi-ashoHaya iu his /•. nm-s "(o .-oiilom.- 
Plato tlm groatmms and tlm niim.ry of man"; ami abmit Mm 
Hamo tmm Im latmimlnd liis yoniiKor ami only ollmr Mini,.,- to 
outor tlm lort .Uoyal sooioty. .Suoh at hsmt ia |,|m a.moiint of 
1 ms nitiroiimnt whioh liua hoon Konoralty imrophul as mar, sit, 

I' na 
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Iml. Hoiiin wviliTH liiivo donliUnl wIirLlun- Im dlil then fio 

(;()in|iliil;('ly w itJnlniw IV«>m Mm wnrhl. 

In Uiri.'l Im Imd Lo iMlniini.'ttnr Ihh liiMmr'H Un nmv 

(.nolc u|i liin nlil lil'n “ini inmln wsveral oviinHiimnls on tlin 

pn-HMiini III' ami lh|uiilH: i(. wuh nlmnt tliis imviod 

(hat li(' invmilcd Mm (riaiif,d(i, and lo/rnllmi' with 

Kri'inat nn'tUrd I ImmuiIimiIiih of j>i-ohah||ith!a. Mo nicalita- 
tiiiK niHi'i’ia^'t' when an tmimhait aKaiii tunmd tlm (Uivi'niit of lii.s 
MmiiKlitM ill a ndi^'ltma IHh. lln wiiM di-ivliig a l‘mn-in-]iand on 
Nov. IdhI, wlmn Mm hoi-Kra mu away: tlm two Inadni's 
daalmd ovov Mm iiam|n*torMm hrid^n a(, Kimilly, and I’aHVid wan 
only aavod hy Mm l.nim'sl.n'alvii»'C. AlwayHHtmmwliatni'ainyHtic!, 
Ill) noiiHidoi-od tlima ajmidid miiiiiiiomi (oahaiidoii tlm world, Ho 
wrolo an aovoniil. ol’ |.|io anadoiit on a Himdl |iini!n of )mnili- 
iimiil, wliiali lor Mm roiit nl' Idald'o ho worn next to Ida Imiirt to 
|mr|mhially nnniud him ol’ Ida oovoimnt; and aliortly niovrd to 
port Ihiyid wlmvi! Im oonMnuoil to livo luitil Ida daath in HI1I2. 

Ilia iiiiimiia Pfut'iiuunl l.vlhi-n diroo(o«l a;,MinHt tho tlosuilH, 
and Ida rmnn-n, woiv wriMon at tida Mum, and am tlm lirat 
i'xnniplo oC Mini liidHlnal form widoh m ohavmitm’iaLiu of tlm 
Imat l''mni’li liti'raluro. 'I’ln* only niallmiaiiMral work tlial ho 
did id'lor I'l’lirinj,' (•» i'oil. |{oyal waa Iho oaMiiy on tlm oyoloid 
in IdhH. Ilo wan iadrrriu;t iVom inaomnia and tooth-adm 
wlmii tlm idoa ol■l•nn•^•d (o him, and lo Ida hui'iiriao Ids tooth 
iiiMimiliali'ly roam-d lo imlii’. |{o;.{ariiinj» lids as a divhm 
iiitimal ion In [iroi-ood whh tin* iMuhloni, In* workod ini-o.HHantly 
lor i'if.(ht ilaya at it, and i?om|di'tod a Coinrahly full imooimt of 
tlm m’oiiml i'v of Mm i*yr|oid. Ahvaya doliouto, Im had injurod 
Ids Imidlh hy Ida inrivaiimt atiidy : from tlm a;^o of 17 or IH Iio 
anllormi (I'rrihly from insoniniii and aouin dysjni[iHia; and at 
tim Mum of Ida doafh Im was colnplntoly wont out. 

A i-omiili't liiioH of Ids iiuiuoi'ouh |iain]ihlot.s and liis 

inirms|niiiil<*im«’ wan pnldialmil liy (<ahnm in H vols. at J’aris 
in IHhM. 

I now pro to (toiiNidi’i- liia inaMminatiral worics in 

rallmr ^iiafi’r di'lail. 
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His early essay on the Geometry of conicSy -written in 1639 
but not published till 1779, seems to Imve been founded on 
the teaching of Desargnes. Two of the restilts are imi^ortant 
ns -well as iutere.sting. The firat of thesje is the theorem known 
now ns “Pascal's theorem,” tliat if a hexagon be inscribed in a 
conic, the points of intersection of tlie opposite sides will lie in 
a sto’aiglifc line, Tlie second, which is really cUio to Dosnrguos, 
is that if a quadrilateral be inscribed in a conic, and a ati'aight 
line be drawn cutting the sides taken in order in the points 
A, B, C, and L and the conic in P and Q, then 

PA .PGxPB, PD= QA ,QO-. QB . QB, 

Pascal’s Arithmiical trmujla was written in 1653, but 
not printed till 1666. The triangle is constructed as in tlio 



annexed figure, each horizontal line being formed from tho ono 
above it by making every nuinher in it equal to tho sum of thoso 
abovo and to the left of it in tho row Immodiatoly above; o.g. in 
the 4th line 20 = 1 + 3 + 6 + 10. Then Pascal’s nrithmoticiil tri- 
anglo (to any requii’ed order*) is got by drawing a diagonal down- 
wards from right to left an in the figure. Those numbers aro 
what are now called fyxiraie nunjbors. Those in tho first lino 
are called numbers of tho first order; those in tho second lino, 
natural numbers or numbers of the second order j thoso in the 
third line nmnbors of tho third order, and so on. It is easily 
shewn tlmt tho ?nth number in tho nth row is 

(m + n-2)l/(ni-l)]{n-l)l 
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The figures in any diagonal give the coefficients of the 
expansion of a hmomial, e.g. the figm-es in the fifth diagonal 
viz. 1, d, 6, 4, 1, are the coefficients in the expansion (rt + 6)h 
Pascal used the triangle pai-tly for this purpose and imvtly to 
find the nuniber.s of combinations of m things taken n at a 
time, wliicli lie stated (correctly) to be 

{n + 1) (n + 2) (?4+ 3) ... mj (m — n ) ! 

Perhaps as a inathemutician Pascal is best known in 
connection witli his correspondence with Permat in 1654 in 
which he laid down the principles of the theory of jyrobabilities. 
This correspondonco arose from a pi*oblem proposed by a 
gainostov, tlio Chevalier de M<Sro, to Pascal who coinninnicated 
it to Format. The problem was this. Two players of equal 
skill want to leave the table before finisliing their game. Tlieir 
scores and tho nuinher of points which constitute the game 
being givon, in what proportion should they divide the stakes ? 
Pascal and Format agreed on tho answer, but gave diiferont 
proofs, Tlio following is a translation of Pascal’s solution. 
That of .Format is givon later. 

“Tho following," says Pascal, “is my method for determining 
the share of ouch player, when, for example, two players play 
a game of tlirco points and each player has staked 82 pistoles. 

“Suppose that tho lii'sb player has gained two points and 
tho second player ono point; they have now to play for a 
point on this condition, that if tho fii’st player gains he takes 
all tho money which is at stake, namely 64 pistoles; while if 
tlio second player gains each player lias two points, so that 
tlicy aro on torms of equality, and if they leave off playing 
eacli ought to tako 32 pistoles. Thus, if tho first player gains 
then Cd- pistoles belong to him, and if lie loses then 32 pistoles 
belong to him. If therefore tlio playei-a do not wish to play 
this game, but to soparato without playing it, tho first player 
would say to the second ‘I am certain of 32 pistoles even if 
I lose this game, and os for tlie other 32 pistoles perhaps I 
shall liavo thorn and perhaps you will have them ; the chances 
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nvo oqiial, Lot u.s thou divhlo tlu-so ‘.\\\ jtiHh.Ioa .'<iuiilly iiiul 
give, ino ulso Uio 32 piKluh-s cirwliioh I iiiii 'I’lnis tlio 

Ih'Ht itliiyia' will liavo IH pmknloM im«l llio ncn.iiil lii piHlolrH. 

“Niixt, Hiijipiwo thiit Uio Unit playor lm>i gtiinnl two |miuln 
and tlio wicoiid pluy«w noiio, iunl llmt lii'-y iii<t iiliciiit to play 
tw a point] klio coialitinii tlioii is that if tin* lirst jilayiir gaitiK 
this point ho kooiuts thn gaum lunl iahos tlio h i iiislnloji, and 
it' tho HO(!ond playoo gains Uiia pniut llio pluyorn will tlmn 
liii in tim Hitnation ahvady oxamiimtl, in which lln^ Ural player 
in onbitliiil to IH plalrfihw, and thom-cinid to Hi pialolca. Thiw 
if they do imt wish to play, tlm (irat player would any to Iho 
Hocoiul Ml' I gain tho point 1 gain Ul pialolcn; if I hmo it 
T am ('iitillod to IH plntoloH. (live urn then tlii* IH pialolcs 
of •wlihih I' am coHaiii, ami divide lhc» otlioi* Hi oipnilly, niuoo 
our cliaiiccH ol‘ gaiuiug the point arc' i'i]Uiil.’ Thini tlm llrst 
playtu' will havo Tdi piniolcs and llm neemnd playi'i' H pintolos, 

“ Ifinally, KUpposo that tlm (hat |tlaycr lam gained point 

and tlm mmoud playi'i* uoim. If tlnry jivoimi'tl to piny lor a 
point tlm cccnditicai is llmt If llm liral; player gninn it l,lm 
phiyors will lee in the' sitnatiou lirsl- oxuniined, in wlih'li Ihn 
Ih'Ht playdi’ is eutithnl ti) hd pinloli's ; if lln' Hint, player lofien 
tiio point each phiyor Ims (heat a point, and eaeh in ('Ulillnil 
to 32 plstoh'H. 'riiUK ir tln«y clo not wisli to piny, tlm Ural, 
playor would say lo tlm sc’crond ‘(!ivo im' llo' .’hi pintolea of 
wliiidi I dill wa’lain and divido tlm naimiinler id’ llo' hli pialolra 
(Kluully, that is, divide 21 plslnh-a eijimlly.’ Tima tlm lirat 
jilayor will litivo tlm sum of 32 ami 12 pintolc'M, (hat in 11 
pistoli'H, and ctouHoipmutly tlm si'unnd will liavi' 2(1 ]>iatolea." 

I’aHcnl [irooe-cils in?xt in niaiKicha’ llm aimilar |iidltleni wlmu 
tlm gaum ia >von liy whonvor lirat ohlains m \ ii poitila and oim 
idayor lias vi wlnlo tlm otlaa* has n pointa, Tlm aiiawor ia ole 
taiuod hy ushig tho ivritlinmtiaid Iriangle, Tlm goimral aidiit ion 
(in wliieh tlm skill of tho phiyora ia unequal) ia given in any 
nmdorn l<'Xtd>oi»k on idgohru and agrees with Haaiml’H resnlt, 
tlioiigli of anursii tho nolatioii of l-lm latler ia dilli'i'c'iil and 
far lc«s convouiont or tixpinmaivi'. 
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Pascal made a moat illegitimate use of the new theory in 
the seventh chapter of liia Penaeea. -He practically puts his 
argument that as the value of etoroal happiness must be infi- 
nite, then even if the probability of a religious life ensuring 
it is very small, atill the expectation (which is measured by 
the product of the two) must be of sufficient magnitude to 
make it wortlr while to be religious. I think it was de Slorgan 
who pointed out that the argument, if worth anything, would 
apply equally to any religion which promised eternal happiness 
to those who accepted its doctrines. If any conclusion may l)e 
drawn from the statement it is the undesirability of applyinfr 
raathomatics to qviestions of morality of which some of the data 
are necessarily outside the I'ange of an exact science. It is 
only right to add that no one had more contempt than Pascal 
for those who changed their opijuons according to the prospect 
of material benefit, and this isolated passage is at variance with 
the whole spirit of his writings. 

Tlio lust niatliomatical work of Pascal was that on ThQ 
cycloid in 1G08. Tlie cycloid is the curve ti'ftced out by a 
point on the circumfoveneo of a circular hoop which rolls along 
a fitmight line. Galileo in 1630 had been the first to call 
attention to this curve, and had suggested that the arches of 
bridges* should be built in tlie form of it. Pour years later 
Hoborval found its area ; Descartes thought very little of 
this solution and defied him to find its tangents; the same 
challenge was also sent to Pennat, who easily solved the 
problem. Several questions connected with the curve, and 
with tho surface and volume generated by its revolution about 
its axis, base, or tho tangent at its vertex were tlieu proposed 
by various matliomatioinns. Those and some analogous ques- 
tions as well ns tho positions of the centres of the mass of 
tho solids formed wore solved by Pascal in 1668, who issued 
tho results as n oliallongo to tho world. Wallis succeeded in 
solving all tho qiiostions except those connected with the centre 

* The only bridge In Avhioli I Imow of this having beou done is tho 
one built by Essex in 1766 in the grounds of Trinity College, Cambridge. 
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o£ mass. Pascal's owii solutions were effecterl b)'- the nietlicicl 
of indivisibles, and correspond exactly wifcli the methods Avhich 
a modern mathematician would use by the aid of tlie integral 
calculus. He obtained by summation whnt are equivalent to 
the following integrals 

/sin^f?^ /^flin<^fZ0, 

one limit being either 0 or ^ir. These researches according to 
cl’ Alembert form a connecting link between the geometry of 
Archimedes and the infinitesimal calculus of Newton. 


John Wallis, born at Ashford on Nov. 22, 1616 and died 
at Oxford on Oct. 28, 1703, was the son of a clergyman, and 
was educated at Emmanuel College, Cambridge, from which he 
obtained a fellowslnp at Queens’ College. He subsequently 
took orders, but on the whole adhered to the puritan party 
to whom he rendered great assistance by deciphering the 
royalist despatches. Ho signed the remonstrance against tho 
execution of Charles I., and tlius gave oflence to the Inde* 
pondouts, but in spite of their opposition lie was in tho next 
year, 1640, elected to the Saviliau professorship of geometry at 
Oxford, a oliair which he continued to occupy till his death. 
Besides his matliematical works lie wrote on theology and 
moral philosophy, and he was the first to doviso a system for 
teaching deaf-mutes. 

Tho most important of his works is his Arithmotica in- 
Jiniion'um published in 1656. In this treatise the methods 
of analysis of Descartes and Gavalieri were systematized 
and greatly extended. It at onco became the standaixl book 
on the subject; and Fermat, Barrow, Newton, and Leibnitz 
all constantly refer to it, Wallis commences it by shewing 

that ®“', !B““ ... stand fori,-, — g...; that stands for tlio 

square root of (o, and that stands for the cube root of &c. 
and that thus the law of indices in algebra is quite general. 
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Leaving the numei’ous algebraical applications of this dis- 
covery he proceeds to find by the method of indivisibles the 
area enclosed between the cuiwe y = ar, the axis of x, and any 
ordinate = h j and lie shews that this is to the parallelogram 

on the same base and of the same altitude in the I'ntio 1 : 7/2. -h 1. 
Ho seems to assume that the same result would also be ti'ue 
for the curve y = wliere a is any constant, In this result 
m may be any number positive or negative, and ho considers 
in particuhir the case of the parabola in which m = 2 and that 
of the hyperbola in which 7n = -l. In the latter case his 
interpretation of the result is incorrect. He then shews that 
similar results can bo written down for any curve of the form 
2 / = 2005’"; so that if the ordinate y can be expanded 

in powers of the abscissa x its quadrature can be determmed. 
Thus lie says that if the equation of a cuxwe is y= a*® -t- as’ + a:® + . . . 
its area will be a; + ^a;* + ^»*+ ... . Ho thou goes onto apply 
this to the quadrature of the curves, y — {l V~ —w")’, 

?/ = (l— ft!®)*, y=(l“a5*)®, &c. taken between the limits a5=sO 
and ft! =1 ! and slicw.s that the areas are respectively 
1 - 8 1 ft 

itj tt> 

1 

Ho next considers curves of the form y — and shews that 
the area bounded by the curve, tlio axis of x, and the ordinate 
aj=l, is to the area of the rectangle on the same base and of 
the same altitude as m:m-¥ 1. This is equivalent to finding 

the value of J ft!"' dx. He illustrates this hy the parabola in 

which 7?i = 2. He states, but does not prove, the corresponding 
result for a curve of the form y == 

Wallis showed great ingenuity in reducing curves to the 
forms given above, but as he was unacquainted with the 
binomial theorem he could not effect tlie quadi'ature of the 
circle, whose equation is y = (l— ft!®)^, since he was unable to 
expand this in powers of «. Ho laid down however the prin- 
ciple of interpolation. He ai'gued that as the ordinate of the 
circle is the geometrical mean between the ordinates of the 
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dm Unyul Hnni<i(,y in KHIH fnr Uin iioiiHidm’iiUon (.£ matlio- 
iiiiiditiiiiiH. WhIMh, WrtMi, itiitl lluy^dim wint (ioi-nusl; and 
NiniiliM' HolnUniiH, nil di«}Mmiiinf{ on wimt in now Iciinwii an tho 
noimi'i-uilit)!! of nioiiimilnin ; Inil. whiln Wm, and llny^^(,n« 
noiiliiind dinir Minmy lo iiiM-fcnUy iiIitHlio liodaw, W^nlliH con. 
nidnri'd nlH«i rduMy olriH|.iti liodhm. 


In Hid!) In' wi'oloa \v«n-k nn MlnticH(«mitrcH <tf ^mviLy), and 

lyiinnutm: |ii>ovid(i a iMinvimimjli Hynni)nin 

• irwlml. wan l imn |{nmvii oit Min Hulijrat. 

In Kind Im pulilinlmd an Ahjthi'a^ pi'aiuidad liy a liiHLoricnl 
imtniunl, u|' Mm ditvolo|.nmiil. of Mm milijwl. wlmOi cinitaina a 
Ki'i'ul. deal of valnaliln iiirnriiniMoii mid in wiiiali Im HcttiiiH to 
liavn Imi'ii am'H|ail.niHly litir in IryiiiK to Kivn tim anidit of 
didbi-i'iil. diimuvni-ii’H to Mmir trim ni-lKiimloi-H. .Aiiiouk ntlmr 
iiilni'niitliiK la'olilniiiH Wnllla tiviilH ul. litn|{Mi (vol. ii. p. - 172 ) of 
Mm pu//ln Ijimwn aa Mm Oliliman liiiKa*, of wliiali Oavdiin laid 
lumu Mm Hint to ^dvn a denm-iptinn ; hut Wullw’ analyaiH wkh 
not I'lpml to dm ^cma-td Nolntinn. 

Thin iilKi-lim in imtmvoH.hyasrontuInliiK Mm IIihI Hyatmniitio 
turn of runnuho, A Kivon niiij'iiil.ndo in hc-n* l•npl•^‘Wlnl^!(l hy tho 
mnimi'iaal ratio whiali it Imiii’H In Mm unit of Mm Hiuim kind of 
iiui/^niliiidM ! t inin M'Imn WalliH wnnla to conipavo two IhohMih 
I m rcj^iirdn oimli an ronlatniiiK ho many imitH of Imi/'tli. TJiin 
will porliapa Im niada oloarnr if I aay that Mm rolation hotwcon 
tIm Npatm dommilmd in any (iino liy a )mrU«lo moving' with a 


• 'I’liin jmvrzli' imnninln of a niuiilH'r itf n«}(« hiniK iiiiim a har in mioh 
a maaiici' Mini Mm i jiiK at ona I’lid (Hiiy A) ran Im |iul, on w rilT Mui liar at 
phnmuii’; Inil any oMmi- iIiik nan only im pul an nr afT wlmii Mai noxl laio 
1.0 ll towanlii A in an, and all Mm iiml Imvurila A oil Urn liar, Tliu ui'ilur 
(if Mm I'liiKii •iiniiml Im ^•llall|!l'tl, 11 l»« nmiy Ui ahaw liy Indimlian Umt if 
Mmm III' II liiiKii, il will Im nimfiiniiiy, In ardar la diHflaiumct Minai fmm 
Mm liar, (u |iulu vIuk nlMmr nir or on A(a'‘*> 'l) nr iKa" !* a) IhnoH ao- 
I'inilliia im u in odd nr nven i »*.n> if Mn'ra Im fixty riuKH it will liii luiciiHHary 
In |IIU a liiiii nn nr nit 7llKill-i;i!HlHMri(tjiir.O MiimH. M. (Irax luui idconMy 
lailillMhi'd a iiaixt jiiKi'niiaiK mihilion in wliiiih lha ant af Inldnn a tliifi olT 
nr (ai ill ii'pvi'imati'd hy llm Hiihtraallnii or addilloii of tiiiily la a carliiiii 
miialmr iis|iri'njii'd in Mm liiimiy hcbIm. Him Irii thime iht hnnumitlitr, 

liyniiH, 


:i 7— 2 
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\iniform volooity would bo douotcd hy l,y (j,,, 

s = vt, where 8 is tlio iiumlmr ropi-owcuiUii;,^ Uto nitii, „[• 


clesofibed to tlio unit of wliiln iirm inim wrih'ir 

have denoted the snino ndatum by nhitin^' wliitl, ia * 

the proposition s, „„„ Nowloi,',' 

bk. I. sect, i., iomina 10 or 11. ^ ' 

Wallis' Jimthenmtioal workn won. onII,„d.ui aii.l .mbi; i , 
at Oxford in 3 vols. 1G97 IfilHI. * 

While Dosoartos was htyin;,^ tbo InnncbttinnH of nnaivli..,.) 
geometry, the aaiuo m.I.joot w„« ocroupyi,... hKo ^ ^ 

another and hardly hwH diH(.ni'(ui..li<-<| Kn.iirliiiun. 'I’l 

Fermat iWe (/a Porniat, who wnw boi-n n.'ar Aliini T 
IGOI and died nt Touloitwi on .lun. ukj;, ,j'‘" *'• 

a leather-morohunfc; Jio whs oilnntlml nt, bonio ■ in "wiTi" i'** 
obtained the post of oou.ioillor for M.o f.iral ,1. - 

Toulouso, and ho diHchnrgn.I the .lutirn of ■ I 

one aceumoy and fi<h,IUy. Then., .lovolin^. 
to mathoniatioa, ho spout the rnn.ain.b.r of L li)V 1 
but or a aoniowl.at aorimonio.m diHput.. « it |. i 
validity of his aiuilysis was unrullh, I bv nux- I ' "" ' 

f^^ecialnotieo. ^luMlisputo :I:l!r ^ i;" ^ 

of Descartes, but tin, taut »„d ^ ' ’ * ' " "''■"’"nly 

to a friendly conoJusion. (Co was „ m, , I i' t ' 
himself by coiijecturally rostori,- tlu”u 
plane loci ^ ^ mi 



margins of writs im I,,,,! '" " ''"1"“ in M,„ 

companiod by „„y ,w„,; '‘"'I 

estaato tlio datos or origi,,aiu 'V. I-' 

IS works and aorrospomloiuw won, y''"' 

at Toulon, 0 in 3 v„J,. 1070 'J' ""I'lnov 

rysooroo, butnsuraiimoyofitwiu, 

wiU, iiotoo I,,, 



fkhmat. 


m 

'• l,v 11, „ 

''ill '•"'•I 

, : ' ' I,,, I, 

inn,! ,„„l .l.nn n„l. 

'■ l■'"l■"'■l■' ll"''' I"' 1-1™,., I M„ nnlnn ns 

" I'"'"' "I ■■"’;■•"ll•l|.•.|, n.nl nuninl, 

I , I 'I'l". nnpnminlv (i) |,i 

fin 

I;::;;:::;,; <"■' * 

(1) '/'/nr M.inn, ,,/- 

lunnl,. nin.i.v Ml ||„ ,„'np,„,.,| 

'"'I™ ""'I i-nnlnh, nnninrnnn 

''' (Iiir, i;,nu» i.|„, 

•' 1 "“' "I' I"■■■■■liln|■ l■'|•^nnt,ll■nl„„|l, 

' 1 '"' " I'"""'';'" ' I nnl, n>,f,nni ,ni in- 

, I'"' '‘"'I iln, ininiihn, „f 

'"""Il^‘- 'I'l"’ l■■ll•|'vil.K iin.hnln „f |,i„ 

chiinivri if-ii vvliit’li 

{") II /« U ji iMiil If til |>riiiio to /I, Uii.ii „i'- ' , ] 

1I1V1...M.. I,v ,,, ' |I I, ,,). i,„.„ 

(whirli wim llii.f. I.y iH wrll |j„nwn, A lunrii 

Ki'lK’liil nhili’iiii’Ul <|| (he flii'Mi-iMM ill (Imt . 1 r,? 0 (mod, lA 

wlmn, „ i,i J.ii,.,.. „ ,„„j In,,, 

(nun II HMil |iriimi f<i it, 

I'limn (Hrriil.'r ilnni |„, mvjiiVfiMiiiI u.h (ilm 

•lin.-r.'urH f wu Ih(, in i.im mill niily min way. 

ti j.i-nnf ,m julhiWH. IH u hn (lm jidmn, mid hui.ikwi, 
ll. n.|UHl tr. liyimMinHiH 

. ni mily lliln^M ul lunliMu of n tim « nitd inilfy, iinnrn n', i- y-. u 

mid If I. Ntilviiij^ l•ljlI||^nmu wn ^nt nr ^ (,i .|. 1) mid 
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y = \{n-\). This fcheoi*em has been recently used to ilncl tho 
primo factora of 2®^+ 1. 

(c) To the proposition of Diophantus quoted on p. 102 
that the sura of the squai-es of tliree iiitegors enu novor bti ox- 
pressed as tlie sum of two squares (of which proposition Format 
was the first to give a pr-oof) ho added tlio corollary tlmt it in 
impossible that any multiple of a prime of the form (hi - 1) 
by a number prime to it, can either bo a square or tlio Huin of 
two squares, integi-al or fractional. For oxnmiilo 44 is a inul- 
t.ple of 11 (which is of tl,e form 4 x 3 - 1) by a m.mbor pvimo 
to 11 honoe It ennot be expressed as the sum of two souaros. 

(d A number of the form where a is prime to A 

cannot be divided by a prime of tlio form in - 1. 

in o=tpfo®iWo, and tlmt 

SmtZ T Tl!' r J I’fobloni was 
\ that a number of tin, fonu 

If, ' be expressed m tl,o sun, of two squares. 

(/} if«, b, 0 are integers sncli that a“ + J* = o®. thou ab 

canno be a square. Lag, nuge gave a solution of t), is 

W -liaving given any intcffor n whinh in 
to dnd a n^ber . suoh /at afnl 1 L;':'! ;,r. " 

J tlio ocnmCion 

ectnZti^n'ALTZ^l'T 

fl,e first eq,,aticn"..5 and1„?/lt" r 

mrttaaS,r“‘™ '™ 

«.'■> ■Xr.ixrrcr.r" 'r--' 

^anmone name,™ J /"f E«l-,r in l.is 

bag«ngeinthexr„nr.‘X,f„^7r”““‘>™> *“ Sj -'■! 

'9““' ‘0 4. ft appears to be true g^eS “ “ 

>y means of ideal primes proved ifTo i T ban 

»w special cases. His proof is n >• “** “^oopt a 

oompboated and dimoult, and 
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M.,,,,. „„ tl,.U, .liHn.v.uv.l l.v 

'I'lic inl<ll>> iImti.Ioi-i* Mill HwiiilH ii nulnlidii. ^ 

'I'l"' ml..ph-l Uy |.'p, 1.,, |„,,v„ Ij,..,,, Hrmim 

•••■InHioii or I„, if, /« .h hi 

iivsv.uih- II. i,. I h, „ 

Cairuvi rin.l n.ov in tin. in.lvorMity lil.,ary h 1 Liy.lmi ; it is 
iiii.liUt'il, liiir i|. wuiilil apiH'iir IVoni liin .(uo<!i(-i«ni /{ivnn'lx'Inw 

««• Ih’ liml m\y j.rov,..l |,l,o pi'op.wi- 

Ihm (i) ulu.v.- I'nr 11)0 wl.oii „ 'X Tim i„i|.ar ia iMinL(xl 
hI' lt'ii|{lli ill liin /mfhttiiiit iti hihfiut/i'itjhi I'or IS”!), ]i|>, 7.‘}7- - 

7.Ht; it. in li... lun^j Tni- („ (...vlnally, hut tlio 

l'nll<i\viu/{ rxlrm-hi will |;lvo tin hini of iii.-(ii,i,|N. 


,l,.motil,rr la,, uioiio. 

Milan-, nr, rul vr,., a-unm,- ,mi- .p.'il n’v u a ,mi.,l,>„ 

I II I iiiiili' >|ii nil iiiiilijj.ta ill- a «|iii Hnii. .iiinii, ^|■u|| i|ni,n’.l nl dn tiiiiln 
il'im anliv -iiiun--. l.tiril ir.v .» iiii.-ini i.-«<i.tii,ili,,|r iii,ii)liia,i doul, 

V","' "" I.a i.Miiv.. ai. |„U imr .limvoi-y,),. r.li- W, 

(Mminii- .ni .S’il .v hi«.„(lo 

mnnlini;i Milln,.. i[.i| ,.,im ,.,.m nio* ni.-iil.. A nil .|imii,’., i| y imnill im 
iliihi' liliiiif'lii ii.oiiiilrr .|n.i r. liiy In •|iit uiiioil. In iiii'rniM* jini'in iat/!, H’ll 
.V an iiiinil, nil ln•.•llll<l iin>iii<li.< .pia i.< |n.’iiii.'«- ipil anal In niaaiiii! iin). 

I'llal.'- il .V an nnixii |»ni loi |•nl.nt mi im iiHii.i.imn iniihiilio 

'I'l' “I'K.il In MX M aiilln un i|niili iaiiia, iiu 

•iin.|iiiania » riM/lni . n j| .juValiuil. .IniiiM im 

lli-lnlila il ii'.v all n i.niiil. iiiihiin an ih-caaininni innilnlra-i ijiia rainy la, 

l..ia.j,.ni,iil. ,« iiMinl.mi aiiHam. ijn'il ant 

.Iona iin|i<ii<i.ilila y nil iiiinin Iiiii]i,i|i. larlunuia ilmil rairn unit 
•liiinia. \'|i|ii fnlji] |i>i>| ll•'<|n■'MH.,,, 


.la hai loni-lain|i,i nitiiu |»niniiir ii|i|i|{i|ii<.|- ntii iiiaMiniln imx iiuaHllnim 

*‘**'‘'"“J* I'''" '’ I*’ I'""’ al ]i> liiiiiii |ii.in\v vanii' aM liaiiniiiiu)i jiliirt 

itmlni-.a -[iia .■.■Iny iI>-mI ja (in\ iir,.:iillva;i. ijiia Inn. nn’il 

inn fulllt ilananailiav (|ila Imil Moinlna |•l'a|llil•l' qiii itii I’lmitA im 

inul(i)ila iln I, i<(i| aiini)>rir:.l ila .|aiis •iiiiiMi'.: ja inn iranimy all lialln iii'Ini!. 
t liilii aiillii iina iiia.llluliiin r«iiu irilaiaa Inn dniiiiii laH Uinilairfi 

'i"i Ilia ninia|iii>|>'i,|, Kj li-.i i|nt-Mtii«iii) iiHiiiufilinaii |iiai:iantiil imr imi 
iiialliiKla II t'nvila ila i]uali(ni’ii Maninaiiikx |ii'iiia{|i(>,t y ralliii.l jnindl’o 
I’lir lii’aaii’iila, «'i. |iiiiuo !. i|a mioii iiiiiitniiiaiiiaiil an aa,. ijiiaiiliitiiM alllr- 
mnliv. ii aiitaii, ImI, Mi iin iiMinlna innmlar {iri'i A iliiimatinii iini itiii'imnH 0 
•In I iinlli' nil iniilli|i|a .la | n'r-ii imiiil i|a ilaiix qiiui'i'ai'. 11 y aura 

nil >ii>inl>ra |>ii>niiai' .In iiiaiiMMi iiiiliiin iiiniiiilra qua la il.miM ; .-t riintiilo 
nil (I'liiaiaiiia aiii’i'la liinlnilia, ahl. all (irun-UilitiU H I'ililllli jllHiltUm H OO 
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que lions ftiTivioz an nmnbi-o 6, ani e«t lo moiiulm do tons conx do (K.aio 
imtui'c, lequol il s’on siimoit n’estro jinB ooiHposd do donx <jiiairoz, oo 
qu’il Qfit poui'tant d’on on doit inforer iiar la doduotion i\ ]’jiii]n)HHililo (pio 
tons eoux do eolto natm-o soiit par ooiiHuquont coniiiiwoz dii (ininroz. 
li y n hidiUQH qiiostioiiB do octto oh))cco. 

Mais il y on a ijnolqucs auti-os qiti doiimiuloiit do notivoniix pi iiioi|)on 
pour y appliquoi' la doHoonto, ot la i-eolioroluj on ohI iiiioltiiion Cniii id mi\ 
aiado, qn'on n’y pout vonir qu’aiieo imo polms oxtroiiio. IL’ollo cnl la i|ii(ih. 
tion auiiiaiito quo llnohot sni' .Dioplinnto avoiio n'livoiv jinnnin jtii dotiion. 
atroi', Hiu' lo Hiijoot do laiimillo W/ DoHoarlos fait diiim uiui do mm 
la inoBino doolnration, Jukijiioh la qu'il ooiifosso qn’il In jiij(ii ni dillloilo, 
qu’il no voik poinfc do voyo pour la «!KOudro. Tout noniln'o out qiuiiTo,' 
oil coiiipoa^ do doiix, do tvoiB, on do qiiiai-o quarrdz. do I’liy oiiliu ntii/ti'io 
sous nia niotliodo ok jo doiuouHlro quo «( ini iioiuiim domid ii'i'oLi.il iioink 
do cokko ualiiro il y on numit un uionulro qui no lo ooroik pmi iiiiii plim, 
puis 1111 ki'oiHiomo moindro quo lo hocoiuI Am. i\ riullid, d'oii run iiilVio 
quo tons loH iioinlii'CH Kout do oollo iiakuro..,. 

J’ay oiiHuito oimsidoiA oorkiiiiinH qiumklono quI Idon r|iiii jii'itnllvon no 
roalonk pas do rooouoir kroS'Kiniido dillloulld la niollindo pour y 
la (lofloonto oslaut louk a fall diuoiHo doH procodoiiina ooitiiioi il huih alod 
cl'Qsprmniov’, Tollim souk Ioh Hiiiuiiulim. 11 n’y a anoiiii (inlio iliidiiililo 
oil doux oiilioH. Il n’y a qu’un houI qunnA on outioiH qui aiUMiioiili’i dii 
binalvo fanHU un oubo lixllt quaiTd chI yfl. II n’y a quo doux qiuiiio/, on 
onklorH loKquola aiiHUionlftH do -J lusmnil oubo, loadilH qiitii rc/ iiniik •! 
otl2L... 

Apv<5,s nuoir oomu IouIob oiw quvHliouH la pluHpaik do tliiii'r»io!i {ho-j 
natiiro ok do dif/oi’outo fnvcm do douioiialvor, j’ay luiHui't n I'iniionlioit 
(loa i'okIoh pour mioudro Urn oqualiouH idiiiploM ot donblon do 

DiophaiUo. On piojmHopar cxomplo 2 qimm •1.71)117 oiq-aiu a iin qiiai iV. 

(hoo OHt S,Ta’ |- 71)07 »qiindr.) J'ay uno roqlo jpmonilo lamr 

flolto oquatiou si olio uhI poKHlblo, on dooouvrir mm iijqiiiH!«iliillti^ Mt 
niiiHi on Lous Ich ouh ot on Ioiih nonibroK tank doH qniim'*?; quo don mdloz 

On propoKo cokko nqualion doublo ul H.r.|.n ohhuux uii 

qiian/i, Unohok ho qlorillo on hch uommonlainiH aur Miiqitiaiitn d’aunii' 
troiivd uno ic«lo on dmix c«h imrlmuliom. Jo lu donno Kiuioralit on lout.i 
Hovto do oaH. Et dok'Diiiiio par irqlo at olio ohI pitHHiblo on mm.... 

Voila Hounimirontonk lo oonlo do imm mtlunidioH huc In miji'ot dm 
nonibroH. Jo no I’ay oHoiil quo iwmt quo j’lippivliomlo |„ 
d oatomlro ot do Jiiotlro an long toutoH ohm donioiiHlvakloiiH ol <in>i nmllmib h 
mo niaiiqiioni. lilii lout riih oolto liidlonlioii aovuinv aiix Hi.mmmlti iiinii' 
tronvcr d’mix inoHinoH co quo jo n’oHloiw poinl, prlmiipiiloimmi. nl M / do 
Caroaui ot l’v6iiiclo Icuv font part do quidquim dniiiiniMliakiimii ]nir la 
dcsconio quo jo loiiv ay omioyooH Hurlo mijiiol do qunlqutm pinpcmiUMim 
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uegatiues, Et pent estve la posterity me Bcama gi-6 de hiy avoir fait 
oonnoifitiQ qua lea aneiena n’oat pas tont acou, et cettc relation poin-ra 
paaser clans I’eaprit tie eeiix qni viendront apres moy pour traditio 1am- 
padia ad filioa, eomme parlo lo grand Chaneelier d'Angleterre^ sniuant lo 
aentiment et la deiiise cluqnel j’adjouateray, mnlti pertinnaibunt et aiige- 
bitnr aoientia. 

(ii) iFermat’a itse of infinitesimals. It would seem from 
J?ei'mat’s cori’eapouclenco \vitlj Descartes as if he had thought 
out the principles of onalyticnl geometry for himself before 
reading Descartes’ DiscourSy and Jiad I'ealized that from tlie 
equation of a curve (or as he calls it, the “specific property”) 
all its properties could be deduced. His extent paper.s on this 
subject deal however only witli the application of infinitesimals 
to geometry; it seems pi*obable tliat these iMipers are a revision 
of his original manuscripts (wLicli he dosti-oyed) and were 
written about 1663, but he was certainly in possession of the 
general idea of his method for finding maxima and minima as 
early as 1628 or 1629. 

Kepler had already remarked that the values of a function 
immediately adjacent to and on eitlier side of n maximum 
(or minimum) value must be equal. Fermat applied bins to 
a few examples. Tlius to find the maximum value of k (a - m) 
lie took a consecutive vahie of a;, namely a: - e where c is very 
small, and put a}(ec-x)=°{x~-e) {a-x + e). Simplifying and 
ultimately putting 6=0 he got x=^a. This value of x makes 
the given expression a maximum. The above is the principle 
of Fermat’s method, but liis analysis is moi'e involved. 

He obtained the subtangent to the ellipse, cycloid, cissoid, 
conchoid, and quadratrix by making tlie ordinates of the curve 
and a straight line the same for two points whose absciss® 
were aj and jb - c j but thei® is nothing to mcUcate that he was 
aware that the process was general, and though in the course 
of his work ho used the principle, it is probable that he never 
separated it, so to speak, from the symbols of the particular 
problem he was considering. The first definite statement of 
the method was due to Barrow and was published in 1669 
(see p. 269), 



266 ^\[A'mE]\rATrCS PlMBt DKSOAUms to HUYOKN.S. 

Finally Foi’iiiat obtahiml tlio imtaM of jianilxilaH miil ltv|)„r 
bolas of any oitlor, and d«tonniii(«l Uio (rmitro ol' niaHH^If a' 
fow simplo cm’vo.s and of a piimlMiloid of mvoInLion, i\s 
example of Iuh mobliod of Holvin*? iJicwo <pmnLi(i)i„ | ^y\]i 
his solution of tho jn-oldom to find tin. ,in.a Imtnmi'ii (1 " 
parabola tho axw of hi, tuul tho lino m ■. u, ) |,, 

tliat if tho ordinafcos at tln> pointa for wlihdi »• is 

a{l~e), a{\ ~o)\ aro dmu-n tlion lint aiva will l.n Ni.liJ 

into a niimbor of hUlo i-ootan^rh^H wlioao ai-oiiM m'o nw|Kiii|,j\-,.|y 

(lG{ 2 m*)\ 

B 1 

Tho sum of thoso is ” • ami l»v a moI.uJ.K ’ 

^ suiiNKliary propumtion 

(for of courso ho was nofcaocj.minto.I with Mm hinnmial (,l,o„,oi,M 
ho fuuis tiui limit ol tIuH wlion a vauirihoa t,. l.n „!1 'pj, 
last thooroms worn only publiHimd »fu,r I, is dnaM.. m.d 21 
>voi'o probably not writton till ari,.r l.o I„ul r.iad tJm worl of 
Oavahori and Wullia 

(iii) I'orinab nuistHliaro with Pnaral Mm 

tTsVJKf"", “'"“H 

>on. lioiiiuits Hiilittioji dopoiids mi th,. Mmorv of nmnl i. i’ 
ftud will l.a suilioimifcly Illn8tmli.d l.v Mm Mi 
tim substance of ^v].i«IUa ""“"■I’’'' 

Pascal and is dated A . 7 , " ‘s' ‘■-'‘-i';’"''-- -iM. 

tiioro are two players amf Mia 'n 

toinly bo i,i tho o,„i J „r 6,;„. toil T T "I" 

«ai„l I, „,ul wi'ito ilowii I.II ll„, ■ . 

formoci of four lotto™ Hint ,.|in ho 

16 in nuinbor 


16 in muiibor 
ft a a a 
« a a I 

((i ci h a 

a a b h 


a 

a 

h 

h 


I, 

I, 

b 

A 


a 

a 

a 

it 


a 

it 
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Now lot A <l()ii()to tho playor avUo wants two points, and Ji blio 
plfiyoi- wlio wants tlu-oo points. Than in tlioso 1C combinations 
ov(!ry combination in wliich reocoiira twioo or oftonov roprosonts 
a case ravoiubln to A, and ovary combiniitiou in wliicli h 
ooinu’H tlu’co tiinoH or oftonov roprosoiits a enso favorable to J). 
Tims on (lountin^f tlioni it will bo found tlinfc ihoro am 11 caaos 
favovablo to ^1, and f) casos favorable to 7/; and as thoso eases 
am all oijually lilciily, yl’s olmnoo of winning the gamo is to /i’s 
nliancn as 1 1 is to f). 

'I'lio only otlior i)mblom .m this mibjoofc wluoli as far ns 
,1 bnow attmetod tlio ubtontion of .Ifoniiab was also proposed to 
liini by .l.’uHcal and was na Ibllowfl. A pomm undortakos to 
tlii'ow a. six with a din in oigbb throws; supposing liim to havo 
inadn tlimo tlivowH wltlmnt snoonss, what portion of tlio stake 
hIiouIiI lid li(t allowed to tak<i on condition of giving up bis 
linu'th tlu'owl b’ernuU/H mnsouing is as follows. Tlio obanco 
ol suciiitHH in so that ho slioidd bo allowed to take ■} of tlui 
Htulco on (!oiiditiou of giving up bis throw. Bub if we wish to 
ostlinalo the value of tlni fourth throw before any throw is 
made ; tlimi tlio llvsb tlirtjw is worth \ (►f the slake ; the second 
is worth I of what minidns, that is -,,V of tlie stake; the third 
throw is worth of what now roniahm, that is 
stake ; tho fourth throw is w(»rtli J of what now mmains, that 
is “i' stak<\ 

lAo’inat dm's not seem to liavo earried the nnvttor much 
fui’tlier, hut his coi'i'espondonco with Bascal shews tliat ho 
hail ideiir and aceumte views on tlio fuudaumntal principles of 
th(' subjeet: tliose of Bascal are nob altogeth<*r correct. 

b'eriimt's reputatioji is ijiiite unifjuo in the history of 
seiomte, 'I'iie prolilems on luimberH wliieh ho had proposed 
long dell(nl all olVorts to solve thorn, niul iiiosb of tlicm only 
yiol(l(Ml to tho skill of liulor, Lagmiigo, and Cauchy. One 
still reiiiiuns misolved. '^I'liis extraordinary achiovomont has 
ovurHha(low(t(l his otluir work, hut in fact it ia all of tho very 
liighest ordor of oxoullonce, and wo win only regret that ho 
tlioughb (it to write so little. 
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Isaac Barrow was bom in liomlctn iu Jd.’iO and died at 
Oambridgo in 1677. Ho wont to hoIkm)! (hut at (Jliai l.i'i'lumm) 
whoro lio mm ho trouldtjuoino that liia iadior jiiaycd tlmt il‘ it 
pleased God to take any of liia hn taadd brat np,u'(, 

Isnnoj and aubmxjuontly to .Kidalciad, whunt it in nnid lie was 
very imlusti'iona Ho ooiii|)liih!il Ida adiieatii.ii at 'iVinity 
College, Ciiiulinidgo; uftor taking Ida dc-gn-n in |(;,|p 
getting a fellowHldjj in 1041), lio roanliai |‘m- n f,.\v y,.,!,.,, j,, 

college, but in 1055 ho waa driven out by Mm pHrnea'idi, 

the IndopondontH. Ho ajauit llio iioNt lour yoaia ju tb,. 
of Euroi) 0 , and after many a<lvonLuroK, piratield and otluu'wL/ 
returned to England in 1(15)1. Mn wmi ordaiiind (lie un.xt year’ 
and appointed to tini pnifoHHOialdiiul'dri’ek at ( Jiuiibridg,., |,J 

1602, lio was made iwoleaHur of tit ( li'ealmui { foi|,.K„ 

mul in \m, m\H m.kaded aa llm IIvhI. otriipler of Mie lau'iudail 
oliair at OandiHdgo. Il.o roHlgm-il lli.> luti.u- lo bia mtuil 
Newton in 1601) winmu miporlor abilitbnt be |•eeogld',ut.l ,il,d 
fraidcly aclcnowUulgtal. h’or Ihti rtuuahuler id Ida lil'e be dii, 
voted IdiuHolf to tlm atudy of divinity. Me wai, aphoiiile,l 
master of Triidty Gollego in 1(172, au.l di.-d in Kirv. ||„ ,,,, 
noted for Ids Htrength, youmge, and wit; uaa a ureal 
favorite of Oiiarbts 11., but Urn tuairtinrH euiil.l net rniglve biiii 
for being alovenly in Ida divan uiid an invnjerali' miadver. I,, 
appearance lie was amiill in aize, lean, and palt-. 

His oavli<,»t W(.,-ltw,iHa n,,, . 

Hudul m lCeo. His tarn |,|i;| ,i, , 

lisliotl 11, I(,8,i ti,„ I, HI,, V., 

iootuvos icu. (I(i7 ,vo™ ,>ul,lisl„,| ,„nl l 

of II ! (L ‘ " 1"' '""■•■"Is 

of Urn liial four l, 0 „k,, of U,„ f, Apollm.i,,,,, ,u„| „r ||,„ 

oxlanl, works „f ,m»I |„ ||ii;|i ,,, 

Ill 107.(. A .,.„„,.k,u, „r all II,. .row's 
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Icdl.iuvn wm i'cUlril Ini' 'riintly liy \V. Wlituvoll, 

H, ill Iiiiid ill llii* (n llu* J.i ftitmi'H vpthur vt. i/iviiirlrkii' 

tliiil, Ninvit'ii ii'viM'il uiiii iinnci-lr.l ihn.c l.-d(iiri‘n lultliii^MimUni' 
<iC liini'wn, i'Ul. i|. tii-iMim (in*)>{(ldi< from Ni-wIdu'm ri'iimiku in 
I, 111! thi.siiiMiil ••nHliHVi’iHy lliiil. (Iin iiddiliniiii wrn* rinifini’il U) 
tlin [iitriii vsliii'lt ili'iill vviih Mitfii-'i, 

I II llii< nplint) iiiuiiy ■■1111111111(1111 wil l) tlio n*- 

llnxinll iiml ri'IVili'llnii mI' li;<|t(. Mil* tiriUnl willi j'ldiil, ill;,rc'lHli(.y. 

'I'lm ^'I'liiiii'l i'i»’iil (iM-uii mC II M'lMi liy ri'lli'xinu m- rclVm'Uon 

Im iliiiiiH'il ; iiiid it in rs|ilitiiu'il ilmi. ihr iniii^'n ui' tin olijci'i. in 
lilt! liii'iiii «'!' Iln* f'l'Miut'lrii'iil f.M'l id' dViTv im i(., Iliirrnw 
iilnii winlfril Milt ii tdw 111' iliii ••nuidv jiiii|M'rlir'i ul’ lliin Ii'iihi'Ki 
( imt DiHiiiiili'i'iilily i>iiM|iIilii-«l ihi' (^irfiviimi i'\]ili)iitilinii (if llin 
vaiiiliHw. 

Tilt' ^rmni'f lifiil ii'ciMri'M rtiniiiih t.iuiji- in-w wiiyn nt' (lidi'r- 
uiiiiiid^ dll’ iitnl lllll^«’tltI> mI' i-iu vni. Thi' iiiniit di'luhntit’il 
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0 T N M •»' 

nf (Ill’ll" ill til" tiM'tiiMil ^ivdii ft«r ill" )l"ti'iiiiiimli(m nf liuif^onts 
til I’lirvivn. liii'l iilihiirvi'il ilnU III" lnii;<"iil aL 11 piiiiil 7* 

nil IV "urvn Win) •ti'InriiiilMnl if Mini mIIii'I' {iiiiiiL lii’niilt'H /' on it 
witaUnnwn; lii'iii'n if tli" nf tlin h)i)iimif("nL J/V iinulil Im 

rouiiil (diii'i lit" iHiiiit T) limn dm lino ,77' wonltl 

li" ill" nujiiiii'il (iiiii'i'itl. Now Miii'i'ow ri'iiiiii'lci’il (liiit if llm 

aliKi'i^nit nml niiUiifitn itl n iM^iu'nnt (0 /’wi'iii ilniwn Im 

Kot It Ninitll (l-ilili^ln l\f}{ (wliti'h Im riilli'il Um itidinvntir' 
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triangle, beciinse its sides PR and PQ were the differences of 
the abscissas and ordinates of Pand Q), so that 
TM : MP= QR : RP. 

To find QR \ RP he supposed that », y were the coordinates of 
P, and ft! - e, 2 / - « those of Q (Barrow uses p for o! and on for y 
but I alter tliese to agree with the modern practice). Uaing 
the equation of tlie curve and neglecting the squares and higher 
powers of e and a as comjwired with their first powers ho ob- 
tained e : a. The retio afe was subsequently (in aocordnnco 
with a siiggeation made by do Sluze) termed t]\o angular coofli- 
cient of the tangent at the point. 

Barrow applied this method to the following curvos 
(i) = (ii) + (in) ■\-y^==o'xy, 

called la galande', (iv) y—{o' — ce)ts\wtrxj2o\ tlio quadralrhsi 
and (v) 2 / = ?' tau fl‘a>/2n It will bo sulficiont hero if I take its 
nu illustration the simpler case of tlio parabola 1 / s= jw. Using 
the notation given above we have for tlio point P^ 
and fox^ the point ( 2 /-a)’= 7 j(a) — e). Subtracting wo gob 

2fly - a® = But if a is an infinitesimal quantity, a? numb 

be infinitely smaller and may thei'ofoi*o ho neglected : luuxco 
fl : B = Therefore TM : y = 0 ■. a = ^y x 2 ). Tliat in 

TM=2iflp = 2x. This is exactly the procedure of tho di/Toi*- 
ontial calculus, except that wo there Itavo a rule by which 

can get the ratio or ^ directly without the labour of going 

through a calculation similai- to the ahovo for ovory aonaiuto 
case. *■ 

Huygens was boniatbho Hague on April Id, IG29 
and died m tlie same town on June 8, 169C. Ho always wrote 
his name ns Hugens, but I follow tho usual ousLoin in S])olHng 
It as above. It is sometimes wiitten as Huyghens. His lifo 

was uneventful and is a mere x-ecoi-d of tho dates of his various 
works. 

In 1061 he published an essay in wMoh ho showed tho 
allacy in a system of quadiatures proposed by Grdgoiro do 
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Samtn Vincent (see p. 275) who was well vei-setl in the geometry 
of the Greeks hut had not grasped the essential points in the 
more modern methods. This essay was followed by tracts on 
the quadrature of the conics and the approximate rectification 
of the circle. 

In 1651 Huygona’ attention was directed to the improve- 
ment of the telescope. In conjunction with his brother he 
devised a new and better way of grinding and polishing lenses. 
As a result of these improvements ho was able during the 
following two years 1655 and 1656 to resolve numerous astro- 
nomical questions ; as for example the nature of Saturn’s ap- 
pendage. 

His astronomical observations required some exfict means 
of measuring time, and he was thus leil to invent the pendulum 
clock described in his II&Yoloyiuin, 1 656. The time-pieces pre- 
viously in use had been balance-clocks. 

In the same year, 1660, he wrote a small work on the cal- 
culus of probabilities founded on the correspondence of Pascal 
and Fermat. Ho spent a couple of years in England about 
this time, His reputation was now so great that in 1666 Louis 
XIV, ofibrecl him a pension if he would live in Paris, which 
accordingly then became his place of resideuce. 

lu 1668 be sent a paper to the Royal Society of London in 
answer to a challenge they had issued in which (simultaneously 
with Wallis and Wren) he proved by experiment that the 
momentum in a certain dii*ection before the collision of two 
bodies is equal to the momentum in that direction after the 
collision. This was one of the points in mechanics on which 
Descaites had been mistaken. 

Tlie most important of Huygens’ works was his Ilorolo- 
ijium oscillatorium published at Paris in 1673. The first 
chapter is devoted to pendulum clocks. The second chapter 
contains a complete account of the descent of heavy bodies 
under their own weights in a vacuum, eithei’ vertically down or 
oil smooth curves. Amongst other propositions he shews 
that the cycloid is tautoclirouous. lu the third cliapter he 
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defines evolutes and involutes, proves some of their more 
elementary properties, and illusti’afces his methods by lincUng 
the evolutes of the cycloid and the parabola. These nro the 
earliest instances in which tJie envelope of a moving line was 
determined. In the fourth chapter he solves the problem of 
the compound pendulum, and shews that the centre.? of oscil- 
lation and suspension are interchangeable. In the fifth and 
last chajiter he discusses again tlie theory of clocks, points out 
that if the bob of the pendxilum were made by means of cy- 
cloidal checks to oscillate in a cycloid the oscillations would bo 
isochronous] and finishes by shewing that the centrifugal force 
on a body which moves in a ch*clo of radius r with a uniform 
velocity v varies directly ns r® and inversely as r. 

This was the first attempt to apply dynamics to bodies of 
finite size and not merely to particles. 

In 1674 he designed the watch, the motive power being n 
spiral spring] and tl»e first watch constriioted was niaclo at 
Paris under his dii-eotions, and piesented by liim to Louis XIV, 

The increasing intolerance of the Catholics led to liis return 
to Holland m 1681, and after the revocation of the odiot of 
Nantes he roftised to hold any further communication with 
Prance. He now devoted himself to the couHtriiotion of lonso-s 
of enormous focal length : of these tliree of focal lengths 1 23 ft., 
180 ft., and 210 ft, were subsequently given by him to the Royal 
Society of London in whose possession they still romnin. It 
was about this time that lie discovorod the achromatic oyo- 
piece (for a telescope) whicli is known by his name. 

In 1689 he came from Holland to England in order to 
■make the acquaintance of Newton whose P^'inoipia had just 
been published, But he felt himself too old to ohango hia 
-\dew3 and was inclined to reject the Newtonian theory aa 
somewhat occult. In his GosnwtJieoms published after liia 
death he argues in favour of the vortices of Descartes, T’Jiia is 
the least able of his works. 

On hia return in 1690 Huygens published his troatiao on 
light in which the undulatoiy tlieory was expoimdod and ox- 
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plaiiKid. Most of this hud boon writtoii as eavly as 1G78. 

gonoml idoii of Iho thoory laid boon Huggostod by IToolco 
in KiG'l, Imt Im hud not iuvo.sUgut(»l its conHcqiioueea in any 
dotail. TbiH imblicaUoii fallH outaido tlio yours conakloml in 
thin (dut))toi‘> but it may liow* bo briolly said that nocoi'ding to 
lh(i wavo or junbilatovy fchoovy spaco is lillod -with an ox- 
Li'oinnly tlnu Iluid or guH, and light is oausod l)y a sorios of 
wnv<iH or vibrnli(»nH in this (Uiid wliioh avo sot in motion by 
llio pnlHaticmH of tlm hiiuiiiouH body. Ifrom this hypothesis 
1 1 uygmm dodmsod tho laws of roihixiou and refraction, explained 
tli(i jiluimnmrna ol* douldo rofraobion, and gavo a construction 
foi' tlio oxtniovdinary ray in biaxal crystals; while ho found 
Ity ('xporinnml tlio cblof pluwnmuma of i)olarization. 

'I'lio iinmoiiHo rcqmtatiou and tuirivallcKl powers of Nowfcon 
l(ul to (ho nnivorwil dlsbollof in a theory which ho rojeotod, 
and to tho gonoral iidoption of Newton’s emission thoory (sues 
p. 21)1). H may liowov»>r also be noted that Trl.uygons’ ox- 
]ilanation soino plnmoinonu, Hueli ns tho colours of tliin 
plates, was ineonsisU'iit willi tlm results of oxpevimonts j nor 
was it mitil Ynntig and Wollaston at tlio boginning of this 
eeiitury nwivnd tlio tboory and modiiiod some of its details 
that it was gimerally acooiitcsl. 

HesidoH tlnwo works Huygens took part in most of tho 
contriivorsioH and oliallongoH which then played so largo a part 
in tho luatln'inatieal world, and wrote sovoral minor tracts. 
In one of ihoso ho invostigatod the form and properties of tho 
<jattumry. In aiiotlior ho stated in gonoral terms tho rule for 
liiitling miixiina and minima of which Iformat had made use, 
and onuncialKid tho pnijinsition that tho subbangoiit of an algo- 
hvaiiial <!iU‘Voy(a;, y)”-.0 was equal to yj'yjfm} whoro is tho 
derived fimotion of /(ftJ, ?/) reganlod as a Amotion of y. In 
some pimtlinmoiiH works issued at Leyden in 1.70<h lie further 
Nhe\v<'a Imw from tho fooal lengths of the eomponeut lenses tlio 
magnifying powtw of a toloscopo could he determined; and ex- 
phuiied Komo of tho plimuiimma eonneetod with halos and 
jiarheliit. 
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His woi'lcs woMJ oollootHMl and imMiHlu'il in ( voIh. ; twn 
at Loydoii in 1724 niul t\v«> at AniHl;tii-jjinii in 1728, llin 
Hoiontifio coiTospoiuloiioo was puldinluul a(. Mm I In^rim in 

I should add that nlniost nil liis donion)i(.rjitii)nM, lilcn Mioso 
of Howton, iiro vividly gooiM<jtri(?iil, and ha uanild tiaaiii to hii-vn 
inado no iiso of llio din'unndJal or (iiiviotial l■ulalllllll, Midm^Ii Im 
admitted the validity of tho inoMiuda iiaad Mn’ioiii. Tliiia even 
wlion first writtifu his wni'ka warn iixjn-i's-H'il in an iiraliaio 
language, and i-oeoived Iohh attrition |.hiin Mmir iiiliiiniia iiiiu'its 
deserved. 


I have now twietitl the dovolo|iinoiit of niallianiaMi'n fni* 
a jinriod which w(» may take roughly tm diitiiig fnnpi Uigfi (,, 
lC7r)uiuler the iiUluemroof l)eai!uH.o;», f-'uvaUoi i, |‘aiirai, Wallia 
Xi’ornmt, and :il\iygoiiM. 'I'lio lil’o niul workti ol' Nowlmi nr,\ 
considered in tlio noxl. (rlm|di*r, hnl. it nimil. Im roinoiiilmreil 
that ho was the oonUuaporary and IVirnd of Wallia, Ihiv/miH 
and of Honio ol' thoso immodluMdy horoaftor nmnl inni’d. 'niesi! 
matlnJiuatioiaiiH Hoom to mo to liavo Imon no liir mijn'i’ior In llndr 
oontomporai'ies, and ho muoh imu-o itilluonliHl Mian Mmin, Mint 
I may (lismisH tlio romainhig mathoiiuiUclami of thin timo wh. an 
I doHiro to iiiontiou with o»»m|iurutlvidy alight nnl ieo, Thu fnl. 
lowing is an nlphahoUml lint of tl.o nioi-o ivinai'kahlu uniuim 
thorn; tho dates givonimi tlnwo of tho Idrth ami deiiMi of |,|in 
nmthoinatieian to wliomt nanio they am uppmidud. //ro// 
lGS()-.l(iH4: C'o/fmVr, /tm,un\ Jilol [gr,-.! 

do IIIOO . 1(10.1 j ,/a .S7«ta, 102 :} Kish . 

1151)7— lOfi?! .Miidf', 1005 107(1; 

/Ww, 1(1,30— 1700: J/Mj, |0:1.3 
10.30- - 1 079 ! A/ttrmlof, 1 020 ■ lOH? 

Jiohmi/, 1002 . .U)7fi: 1(144 

I ram, 10(1.3-1047: MlrnfmiiZ, H;;t| 

170H: van hdiootm, died in 1(1(11: and IIW», loil-* 17...1 

. n tho following nolHiH I, lutvu nrninged the 

iiUheniutieianH so fcimt >ih fur .m |,imsildu Ihuir uhiur eontri-. 
butions Hindi eoino in ehrouologieal urdor. 


//m/,07/, J*'' 3 H lO'iVij 

1 701 : A'», ,(’/,■/, a//, ^(10, 

AV,',;/, (01!) 1 !)[):} I 

17)0 : Suint IVar.a/, 
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^ Morimond do Boauno, born at Blois in iGOl and cliccl in 
1(152, wfoto a commontniyon the obRcnvo and difficult analyti- 
cal gomnotiy of Desoavtea. Ho also discussed the suporiov and 
iiifni'ior liinitH to tho roots of an equation : this was not imb- 
lisiicd till 1(559. 

aifli-a Pv.rHonie.v {do) Eoberval, born at Enborval in 1002 
and (li(«l at Baris in 1G75, described hinisclf from tlio place of 
his birth as do Koliorval, a soignorial title to which ho had no 
\ iglit. I lo (liKOiiHSisI tho nature of tho tiingonts to curves (see 
11 . 24:5), solved soino t)f tho casior questions connected with tho 
oyeloid, wi-ot<> on incjchanics, and on the innthod of indivisibles. 

:i le was a profosHor in the imivox-sity of Paris, and in corro- 
Hpombmen with nearly all the loading Jitalhonmtioians of this 
time. A couqdote edition of his works was published in 1693. 

Jtmm Dodson, matlumiatical master nt Clirist’a .Hospital, 
born in hondon in 1597 and died there in 1657, originated the 
ithia <if llfe-aHHuramm; and cahndated tlui values of aunuitioH 
I’or glv<»n terms of years oire. 1040. 

/'Vans van Scliooton, to wliom wo owe our Icnowledge of 
Vic.ta’s works, sueceeded his fatlmr (who had taught matho- 
matics to Ihiygons) as professor at T.oyden in ICdG i ho brought 
<nil, an edition of 1 hweavtos’ (hiomotry in 1G49; and a colhiotion 
of mat)mmati(sd oxorcisiiH in 1GC7, in wliicli ho suggested theuso 
of coordhiatoH in spaai of tliroo diiiionsionB i lie died in IGGl. 

dnujoiro do Saliit-Vincont, a .leauit horn at J.lriigos in 
1581 and died at l« hunt in 1(507, diseovered tho expansion of 
log(l i-a?)}!! asoonding powers of ft). Altliough a cirele-squiiror 
lie is worthy of mention for tlio numerous thooreiuH of iuterest 
wliiidi ho diseovoMul in his siHirolt after tho impossiblo, and 
iMoiituela ingeniously remarks that “ iio one over s(iuared tho 
circle witli so nnieh ability or (oxcej)t for his principal object) 
witli so much HueeeSH.” Ho wrote two works on tlio subject, 
one piililislnid in 1(547 and tho otlior in 1CG8, which cover 
some two or throe thousand ulosoly printed pug(;H : the fallacy 
in the quadrature was pointed out by Huygens. An earlier 
work eiitithid Tlutoromida Mulhemadm publisliod in 1024 con- 

18—2 
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tains a voiy oloai* account of tho nKithod of oxIuuistloiiH. For 
fiu’tliGr dotnila of Snint-Vincont's life and woi-ks, neat (^uotcikd 
p. 206. 

livawjdista Ton’icolli, bovii at Fiamza in HIGH niid diod in 
1647, wrokN on tlio iiumlrntunt of tlui iiycdoid ami <!oiii(is • 
tho blioory of Uio Imroumtcji- ; tlio vulmt of ^n-avity Cmind 
by obsoi'ving fcho motion of two wol^^liLs ooniiootod l.y a Hti'iiof 
paHHing ovor a Itxod pulhiy; and tho thiioi-y of iirnjdotilor 
Tlioso woi*o all puhliHliod in Ki'l-l. 

Jo/tunnmuUQ, Imrg.imuHtof of Anmttinliiiii, was boiu Limro 
in IG.'Kland died in tho aamo town in 1701. Ilo wroto two 
tmots in KibO; ono wuh on tho 1x^100^011 of oi|mitionH wliioli 
have (itpiat roots: in tho othor ho Htntod what ia oqiiivnlmit 
to tlio [ivoiMwition that ;/) ■ 0 ia tlio algol.rahinl o.[uation 

ofaourvo, thon tho Huhtangmit in I'lit lining igmi- 

rant of tlm notation of tho onhinjim liia lummiiatlon is long amt 
involved, 

Jkrmnl Frtfiilclo dn .//miy, born in Faria oiro. |(|()n nnd 
diod in 1670, wroto ninuoroim and viilualilo paiiora on omn- 
binationa and on tlu» lilioory t»f mnnlairH, alao <ni niagio m|naroH, 
11:0 oliallongod lliiygmm t<» mdv.; Dio following ayaloin of (t.|ua' 
tlons in iulogm-H, o:" i- y- . : . m,“, m -y: Tliia 

oltallimgo and tho coiToapondoinMi to wliioli it gavn lino waa 
only rocontly diwiovorod. A Holnlhin waa givon by M. I'opin 
in IHHO, Frdniolo’H mlaocllanoouH wiirka, lalitod by l.aliiri' 
woro publialiod in vol. h of tho Mmi. ik I'A v,td I Oi) 1. ’ 

Antoim do Laloiibdro, a JohuiI^ horn in lauiguialoo in KIGO 
and (hod at Toiilonan in 1(164, gavo an inoorroot aointion of 
.taHcnla probloum on tho oyohnd, UidO: h,, waa Hio lii-a(, to 
study tho proportioH of tho holix. 

f rard KlncklmyHon, born in .Holland in HiltO and di.al in 
lb7J, wroto a loxt-linnk on aniilytioal oonioa in HiOO, an algobra 
in 1601 ami lorniod 11 colhiotion orgotnm.-trioal iirol.h-nia aolvod 

hfrcTd^^'^*' 'O' Nnwton 
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PieiTG Oourcier, a Jesuit, bom at Troyes iai 1604 and died 
at A\ixeiTe in 1692, "wroto on the curves of intersootioii of a 
a])here -svitli a cylinder or cone, also on spherical iDolygons : 
the latter was published in 1 663. 

Michel-Ange Ricci, bo\*n in 1619, died nt .Homo in 1692, 
was made a cardinal in 1681j wrote a geometry in 1GC6 in 
which he solved by Greek geoinebiy those problems on maxima 
and minima, and on tangents to curves which iiacl been con- 
sidered by Descartes, Pascal, and Fermat, 

A^cholas Mercator was bom in Holstoiai in 1620, but 
resided moat of his life in England: lie went to Franco in 
1683, where he designed and constructed tho fountains at 
Vorsaillos, but when tlioy wore finished Lonis XIV refused 
to mako liim tlie payment agreed on unless ho would turn 
Oatholio 1 lie died of vexation and poverty in Paris in 1687. 
He wrote a troatiao on logaiithins entitled LogoHihinolcohnia 
published in 1668, and discovered tho series 

Iog(l ^i.£ti) = a}~ }a^ + ^a}‘‘~\x*-h 

lie eflbotcd tliis by writing tho equation of tho hyperbola in the 
form 

1 1 I » 

2/=,— — = 1 - a!+a!*-aj“+ ... 
l-f-o? 

to which Wallis’ formula (see p. 257) could be applied. Tho sumo 
series had boon independently disoovorod by Saint-Vincont, 
William Lord Broiincker, one of tho founders of tho Royal 
Society of Loudon, bom in 1620 and died on April D, 1684, 
was among the most brilliant mathematicians of this time, and 
was in intimate relations with Wallis, Fermat, and other lead- 
ing mnthomaticiaua. I mentioned on p. 143 his curious r(ipvo- 
duction of Rralimagupta’s solution of a certain indotorminato 
equation. Brouncker pi’oved that tho area enclosed between 
tho equilateral hyijerbola a}?/=l, tlio axis of a;, and tho ordi- 
nates a;= 1 and o: = 2, is equal to either of tho expressions 


11 1 
1 . 2 3 , 4 S , 6 



1 
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He also worked out other similar expressions for 

areas bounded by the hyperbola and straight lines {Ph'll- f/*i'***^^' 

1C72). It is noticeable that he used infinite series to t'H.i 

quantities whose values he could not otherwise detenu 

answer to a request of Wallis to attempt the quacU'ii^^'*^’* ‘ 

the cu-clo he shewed that the area of a circle is to tho < ’*' 

the inscribed square (i.e. tt :2) in the ratio of 


1 If ^ 6* 7* 
1+2+ 2 + J+ T+ 


Oontinued fractions had been introfluced by Catalcli 
ti'catisQ on finding the square roots of numbers publiBlX'*^ 
Bologna in 1613, but he ti*eated them as common 
(aeep. 210): Brouucker was the fii-st writer who 
or made any use of tlioir properties. 

</ame8 Gregory, born at Drunionlc near Abercleoji. iit (i.'lH 
and died at Edinburgh in October 1670, was snccessivt>ly 1 >»'<»• 
fossor at St Andrews and Edinburgh. In 1660 ho ^ 

his OpHoa proinoia in wliich tho I’o/Ieoting telescope Ici xo^^'' 1 1 ^ *.V 
his name is described. In 1667 he issued his Vmt o-i't'tJff * 
hyperholae qiuidraUira in which he showed liow tho ol* 

the circle aud hyperbola could be obtained in the *»!’ 

infinite convergent series. He added a proof not only blif«.i. 7r 
18 incommensurable, but also that the geometrical quatli’iutiti-*'« 
of the circle ia impossible: Montucia says that the denioiis-U^fa- 
hon is correct, de Morgan only i-emurks that the proof if* a* t ' ly 
abstruse, and expresses no opinion as to its validity. 'I'IiIn 
work by Gregory contains the earliest onunoiation of -tJMs *»X‘. 
pansions m series of sina;, cosii^ and cos“‘ x. Xti ^vll ^4 

followed in 1668 by tho Geometriae pats in wliich Q a.ui/Lft ji'\' 
explained how the volumes of solids of i*evolution ooiiltl lu^ 
detennincd. 


Sir Ghrisiopher Wren was born atKnoylein 1632 ai ifl < I iitil 
in London in 1723. Wren’s i-eputntion as a matheniiv*;it?iiLH 
has been overshadowed by his skill and fame as an 
But he was Savilian professor* at Oxford from 1661 to 1 07;t, 
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iiiid Ibr wmm l-jimt jinmidonb of tho Iloyal Society, Togotlior 
with Wiillin imd I luy|j;(iiui ho iiivoHtigaUul tlio laws of colliaion 
ttf lioilion {Phil, Tram. Kidll); ami ho also diHCovoml tho two 
HysLoiuH of goiKHuliiig cm tho liy|)ovholoi(l of one shoot 
{I'hil. TmuH. l(i(U)). licssicloH those Ihj craniimuicated jHipors 
on llio voiiiHliiiKio oi: lluichi, ami the motion o£ tho ]Hnululum. 
lie wiui 11 I’l'ioinl of Ninvtim ivml (Ukcj TTuygems, Hooke, Hnlloy, 
anil otliora) Imii nnuto attoinpLs to shew tliat the law of An'co 
niiilor wliioli the ]ihuioln inovocl varied iuvei'sely as tlie squaru 
of Mio ilisinnoo from the niin. 

WalliH, Ih'imiuikor, Wren, and Uoyle* (tlio last-iincnod 
hoing a olioiniat and jihysiciist rather than a inathouiatioian) 
wnro (he loading jiliilosopliorH wlio louiulod the .Uoyal Socsiety 
of liondon. 'I'lm Kociloljy arose from (.lie sc'tf'stylod ‘Miulivislblo 
onllogo" ill lioiidou in UI'IHj moat of its monihei-H moved to 
Oxford diu'hig tho eivi! wars, whoro Ifuoko, who was then an 
iiNHiHliuii. ill Moyle's lahoraiory, joiiiod in Lhoir meetiugsj tho 
Mooioty wan forinally omiHtituUwl in London in IGGO; nnd was 
iiiaov|iiiriitial iiii duly Ih, Lli(l 2 . 

Mr.rl Hooleo, liorii u(. Fremhwater on July 18, 1085 and 
died in l(Otidoii on Mareli 8, 1708, was educated at Weslr 
nilitHlor, and (Ihrinl, (lliiiroh, Oxford, and In 1005 hooamo pro- 
fi'MHor ol'geomiitry at ( Ireshain IJellegc?, a post which he ocou- 
liic'd till luH dcnih, Ho is atill known hy the law which ho 
diHOtivored that the tonsion i^xertnd hy a Hlrotchcd string is 
(within eerlain liiiiitH) in'oiiortumal t» the oxteiiHhm, or na it 
is hetti'i' slated that tlio stress in proportional to the strivin. 
lie invented and discussed tho eenioal jMSicUilum, and was tlio 


♦ 'riie iKtiiimralile llolicvt Hoyle, benn at hiBnioro cm Jan. 2r>, lOa?, 
i ilnraled nl Mien Oiilleae, and (lifd In Iionclon cm Ibsj. Hd, IIIIIA, orciUoil 
iiiiiiii’in rlii’inlnliy, nml was iinienHitl lice iiurlieHt cct iiiochirn ctxjHirniimiliU 
)ihynl<iiHlH. lie iint(n«"'liiil 1'“' ri‘!e/.jnK anil boilhiK iioinlii of water an 

lixiil iiiiinlii fev lint umiliialhm of torsi and tliiwmvoicd in KHia 

llio law roiiuiHiUna the laeMinne aiul deiiHity of a fjiis kept at a iiouiUunt 
t.-iii|ieialine; hln ri-HiiUn were eonllrined by Muriolto in Fiance in Id'dl. 
Ilia life wiei written by T. JUvcli, Iumdnn, 17-II. 
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first to state ex2)licitly that the motions of the Iieavoiily IxJtlinx 

were merely dynamical iJi'oblems. He was as jealous wiih 

vain and ii’ritable, and accused both He^vton and 

unfairly ajjpropriating liia results, but it is probable lio 

covered some of their theorems indejjendently. Like 

Wren, and Halley he made efforts to prove tliat tlio 

force under which the planets moved about the sun iliiil- 

of the inverse square, He invented tlie watcli, and (Hin 

made in London in 1675; it Avas finished just tlii'oo iiicJJitlui 

later than the one made under the directions of 

Paris, 


Francis Walto' de Sluze, canon of Li&go, int 

July 7, 1622 and died on March 19, 1686, iutvoclucud Min 
notation ofy*, and fy for the derived functions of £/) 

regard resjjeotivoly to »- and y, and wrote nurxierotiH braid m 
especially on spirals, imints of inflexion, &q. 

JShrer^ried Wier Tschimhausen, was bom at ICihIi 
walde on April 10, 1631 and died at Dresden on Oot. 1 1 > J 
In 1682 lie worked out the theory of caustics by rofloxioiij ni* 
as they were usually called catacaustics, and showed tlritt Lh*\y 
were rectifiable. This was the second cose in whicli bJio on 
velopo of a moving line avos detorminod (seo 272 ), X'l'tJ con-' 
sfcructed burning mirrors of groat poAver. 

0/q/’ Eoemer, born at AarJnius on Sept. 26, 1G44- aiid tUod 
at OoiJenhageu on Sept. 19, 1710, Avas the first to moaHiivo ( ho 
velocity of light; this Avas done in 1676 by means of tiro 
of Jupiter’s satellites. He Avaa also tlio first toiutvodneo • 

meters and rending microscopes into an obserAnitory, niicl ib ^vflM 
on his recommendation that astronomical observations of Htru'.M 
wore subsequently made in genoiul on the meridian. Xliii tilut . 
discussed the best form of the teeth iutootlied-Avheola. 



OllAPTKIl XVJ. 

■I'HK 1.1 I'M AND WnUICH OM NKWTON, 


Hi:t',TiuN 1 . '/'/hi llf*> of jVmtoiu 
Hiit'i't'iN i!. of xvoi'h, 

'I'm’. roimhlrml in th« liwO (!hai)t(u* coin- 

liii'iHU'il lltn I'l'piiliiiu (>r Uiow) )>ro«:i‘HHiiH wlucli (liHllngiUMli 
iiiiiiti’i'M iiinllu'iiinliii)). M'hti oxh’iioriliinn'^' uliiUtiiiH of Ncnvtoii 
oiuilili’il iiiiii wil'hiii II i'ikW yoai'H to porl'ool klio movo oloinontavy 
of tJiHiiM |ii‘iioniiii‘H, iukI to iiilvjiiico ovory 1)]‘aiic]\ of 

itiutiliniiiul.itnil luitoiii’o (lioit itiinlinl, im woll kh k<> oi'oato Kovoi'iil 
now iinl'ji'Ml'i. Tlioni in loo'iliy u Imuioli <>1! modorn lutillioinakicH 
wliioli I'iniiMM. lio liaoMil Itiink (o liiiii and of wliioh. ho did nok 
lovoliiliotiizo lliii Iroidntonl.. Noarly id! tliiH wovk wiia dono 
hoU'«‘oii llio joins Illlih and HiHh, Uiouj^li inonb of it wks uol 
piinlod till Honio yoni's hdor. Tim /Vmfii/im wtiH pvihliHliod in 
; llio I'i’id, of hill iH'Hoiirrlii'H winu oiniuliifcod oilluu' in 
iiiimHHori|il. iw in llio IrumianlhmH of llm Itoyiil Hooioky, Vint bho 
liullc mI' llioiii wino nlltuiididy iHSuod iit hook form bokwoou blm 
yoiiifi 1701 ami 170 ',). 

Ill imio H'’'‘«nol»'y Nowl.on did imfc OHluldiHli any now 
jimdindM. lint, no modoni wri(4‘r Iiuh ovnr hIiowo tho Humn powor 
in ludiiK llioMo id' idiiHHU’id Kooimdry, and ho wdvod nmuy pro- 
lili'iiiM in it wliiidi Iiad jnovlimrtly haflliid idlaUimi[>lH. in alf'olira 
unit lJu* llo'ory of I'nnakiona Im iiilrochniod klm Hyskcim of likoral 
indioi'H, i'iUul(linlo'd tlin Mnonilid klnun'om (in 10(»0), and oroatod 
no inuoimidondilo p.n’l of Mm tlmoi’y of onuatioiiH. Quo rulo 
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w’liioh ]io oniinciated in this subjntit voniaiiKul (ilJ ii fow years 
ago as ail unsolvod rhldlo wliicJi liad oviirtaxml Liia rosoiiroos 
of nil snocoiHling mntlioinaticianH. Nawton always, by elioico, 
avoided nsiiig trigonouiotry in his analysis, and I do not think 
ho over jnihlisluHl nnybliiiig on that sulijcKtt. In analytioal 
gdotnotry ho introdnccul tho nnshn'ii (ilassilhtation of tmrvos 
into algnhmtoal and branscondontal ; ainl ostahlislnid many of 
tho fimdanumtul propnrtloa ol' asyni))tot('s, innlti]ilo ]iointH, and 
isolatod loo]w. i[o illustmtojl tlioso by an (<xlianstivo dindussion 
of oubio onvvos. 

Tho fluxitmal or innnitoHiinal oahnilns wtis invjintod liy 
Newton in oi* boforo tho yeuw KHhl, and oinailabsl in nnimi- 
Hoript amongst his frionds in and after Llm year I (Hi!), though 
no ucoounb of tho inothod was printod till 
I Nowton fni'tlnn' was tho first to jdinsi dynaiuirs on a 
I tlioroiiglily HatiHfaotory Imsis, and iVoin dyuaniios Im ihidimod 
I tho tlidory of statius : this was in tho introdimtioii to Urn 
■Priiwi/nu puhliHimd in 1087, Tim tlmoi'y of attniotiouH, tho 
application of tho i>rin<nphiH of nmolianii’s to tho nolar systom, 
tlio oroation of physloal uHtrononiy, and tlin ostalilisliinont of 
tho law of univoi-sal gmvitatiou am wholly duo to Nowton and 
woiM first publiHlmd in tho sajim work, Tlio partionlar {pms- 
tioiiH ooniiuubod with tho niolion of tho ourtli ainl moon worn 
worked onb as fully as was limn possiblt!. Tho tliotny of 
liydrodynainloH was oresdod by !um in tho soooml l.ook of tho 
I'nncijyia, and ho also added oonsidorably to tho timory of 
hydrnstatios whicdi may ho said to havo Iummi fiint disommiul 
liy ,l.’us(!al. Il’lio timory of tim jiropugation of waves and in 
jiai'titinlar tlio applioalioii to doiTtn'minn tIm volimity of souinl 
is duo (n Nowton and was publislmd in i(IH7. 

In goomotrioal jiptms, ho o.vplaiimd uinoiignt olhor things 
tho doflontposibiou of light and tim timory of tim raiidmw; Im 
invontod tho roflootiiig lol<iHro[io Icmtwn by his namo, and tim 
Ktixtauti In pliyaioal optim lio was tlio aullior <if llio oinisHiou 
tlKiory of light. 

Lillis lisb of ilio Hiilijooto ho dimniHsod and tho timoroins ho 
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invotili'il in liy i»«> iiinmiH nxliiumtlvn, l»ut 1 ])i'ofiu;(5 this cliaijtov 
wiUi il, ill miU^r l.o iniiiilmnlzii llni liict tliiii, Nowton inovo tliiin 
any niia aliui ta llin artiatar «if iiiiKlaru iiiiLllunnatics, and tluit 
Ilia |»liu!nd Dili milijdot in ii complotoly now po- 

hlMiitl. 


Thv. life of Newlm. 

huiiio Nowton^' wim l«iri» in Idnanliwhiro uiuiv Gmukliain 
nil hi'o. HM8 ((). H,), iiiid dioil iit KoiiHin^Lon, London, on 
Mai'oli :i(), ! 727. I L' waiu'ilncnlril atTnnily C'olli!|'o,Ciiinl)i'idgt’, 
and liv'd llu-i'o iVnm Kilil Ull 10117 duviiig wliioh yoai'K lui 

pi'oiln I tlio inilU nt' Ilia work in iMtd.1ioi)iiiLii!K; iio wtiH tlum 

appiilidi’d III u vultiiililo gnvnnuiM'iili oirum, iiuil innviid to London 
wlo’i'o lin I'l'Midcd till Ilia doii(.|i. I ahnll Idllow Ihn oouvho 1 
liavo niniidly adnplfd, and liral> givo a aliort mioounb ol'liiH Ui'o, 
ami tin'll a livirl' arrniiiii nC Ilia \vo)-1(h. 

Mill I'litlii'r, wlin had tlii-d almrlly lii'foi'o Nmvton wna 
hill'll, wan a ymmaii I'liniinr, and it wiui intondod lhab Nowkon 
aliniild rany on ilin pali'inal riiria. Ilo was Hiniii bo Hchool at 
Mraidliaiii. At Ural- Im wan vovy lazy, hub a liglib with a lioy 
ahiivi' liini ill iho lu'lmnl in whiali ho waa vicborioim lod him bo 
doloi’iitiio' to fry fn ho oi|naUy aucacaKi’n] in li'iirning, ilo hooii 
hi<i'aiim load nt' tlm aohoni, and Ida loaniing and nudianiml 
jirnlii'ii'iioy MKoilod iinnm iiUonlinn: aa oiia inataiuio oi' Inn 
imfonnily I nuiy inonlinn thai ho oonatriu^lnd a oloolc worlced 
hy widiT whirh hojH- vary ralr tiiua. In lOfih lio robm-nud 
loituo In li'iun iho hnainimn of a lanai'i’ uiidor tlio guidanco 

nf an nld I'iindly Nowlnn Imwiivnr aponb luosl of 

Ilia limn unlviiiK |»|■^•hh!lna, muldlig oxporiimmls, or doviaing 
inci'lianii'a) mndolai hin nadhor nnliohig tliia noimihly n-Holvod 
In liiid iinino iimio onnganlal nooiipalion lor liiiii> and Honl idia 
iiiinli In iii'linni again, lloi'o Ilia nindo iiuit him and hoing 

• ‘I'la. I’ldif (mlhoilUni for Nowlnn'a Ufa tiuil wiirliH in« iliiidUHHail in 
'/'/(I’ ,l/rta(rO<i !•/' .Viwr/oil, liy lUoWi.tor, U voln, KiUulna|(li ('Jiul oil.), 
moil; mill '/'/a- IlinUoii i>f llu’ IniluvUvc .'ivimux, liy W. Wlniwull, 
('iiiol'i 10117. 
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tl(ivolo])iii(int of thd HiiIijiHit. j\h Imwnvtir j,]|i! Iriidini. fiuilfj 
aro gDiionilly known, and l.li« wurka |MihliHiic.l iliiiing 
time am awsasniMo ta aii}' utiiclont, I inny .loid mom ooirniwiiv 
with tho ]iv(!H ati.l wriMiigit nf tnuilnrii nmllimimtioiiiiiH timn 
with thoHii oC tlniii' ]tmiln'«>.s!«>iu 

Koiighly H|ioal;lngwo may nay timl. Jivn diMtiiml. [,1 

tlio liiHtoiy of thin porioil amt ho diiirortioil. ' 

/'Vj'.s/ of nil thorn m tho iiivoiition nf iimilviioiij gootiiotry’ lor 
I)(tmart('H ill Ki.'i?; mid al, |.lm omno tinm' tl,,. 

(liKitioii of tht^ iiiothod «*r ImliviHihioi, hy {|ii< lioo nl' whioh 
anm.4, voliniioH, and tho nf i-oiihv!i nC nm-u ,.,m i,,, 

(lotonidiiod hy aummatiim in a iMmiintf miiijogoii>i |n j,|,n|, 
(inhutod uow-a-daya hy Iho aiti oC (Im iiiloKmi ouloiditr.. TIio 
iiKitliod (if iiidlviHihloH was anon niijnn 7 iodi'«l hy iho iiil,(<f-'jid 
eiiUiuluK. Aimiylioid gotaaolry Imwovor iiiuiiilahia ii<i iJinilJnii 
aH pan or tho iiootwmry (.mltdiiK of ov.tv hiall.rim.l i.-ian, and 

iH moompamhly mom poio„|. ihaa tho no. tl.o aiioioid. 

lor all piu-p.mt.M of maoamh. Tho latha- ia aiill m, doulit 
im admii'ahlo iiitolloutaul (.minhig, and h fnaimmlly aUhrd,, 
an ologaiit doiimimtrathm tif maao |M-u|>u.-u(jon Iho tnilli nl' 
whioh ia almudy known, h«|. it. m.,„iroa a a, ..vial pmoodum 
•H’ imvy pmhlom attaoko.1. Tho formot- Dm nlh.a' hand 

layH down a f.nv aiiaplo ndoa hy whioh any tv can ho 

at oiioo pmvod (m* diapfovod. 

Ill tlui mmiU pliicui WII l„ivi, iho iiivoiilinii iho IliiNimoil 

T ' ™l«'lllW olonil (u,ol on iiolnno,,. 

■l™.t.ov.,ul,oo „l ,t in 11171), WIOTOV,.,. O ,,,ou,lilv nlou,,-,,. 

mhnu to lo,v (oo.l oohi lhin„„ 'io ooMur 

, ™ '''ll"''nol.iol ,•„lo„hm I 

inln nf l.oinm™, nr „,„1 



«■) , nK(l mo), I 

111 UH„,m,l,„K Pnwni'H nf ,o i,y „„„|, 

, 

H..V I 0 , ii 
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Jiimsolf a Trinity man rocoininoiulwl fcluit ho wliould go up to 
Cambi’idgo, 

In ICGl ho acooitlingly ontoml iih a HuliHizni' at !l’rhuty 
College, whoro for the lirat tiiiio Iio found hinmolf among 
surroundinga wiiioh worn likoly to (hsvolopo hia powa-H. Ilo 
sooins however to have had little iiiteriiMt for general Hoidety 
or for any puraniba nave Hoienee and matlieniatiiiK, and lie 
coniplaiuod to hia frieiulH tlnib he fouial tlie oilier niidei'' 
graduatoa disorderly, lie got liia Holiolai'Hliip in UKi;!, and 
took Ilia B.A. degree in IfiOI. 


Wo know that Jin Imd road iSandei'Hou'H Tjogie liofovo eoniiiig 
up to Oamhridgo. His inatliemiitioal I'euding tliern waa an 
follows. IJ.o liought a hook on astrology at Htmirhriilgo h’liir 
in Ootohor 1001, hut eould not inulerslaud It on imeoniit 
of tlio gooinofcry and trigonometry; lie tliererore got ii I'luelid, 
fuid was surprised to Ond how ohvious l-lm projioHitioiis seniimd, 
Ho thoroupou read Oughtred’H (Jlavis und Descarte.H' (htoiiietry, 
the latter of wliioli )io managed to nmator liy liimself tliougli 
witii some dinieulty. Tho interest ho felt in tlm Hiihjmit, hid 
him to take up matlioiiiatios rather tlinii elmmistry as a serimm 
study. His suhHiHpient iiiathematieal reuiling ns an iindm- 
grnduato was founded on Kepler’s Ojities, the works of Viola, 
Scliooton’fl Misoelhunos, Desoartes’ Hoometry, Wallis’ y\rlth-* 
niotiea iiiiinitonun, and Barrow’s leetures, A L a lator Mum on 
vending JCuolid more carofnlly lie formed a very high opinion 
of it ns an iiistrumont of edneation, and Im often expressed 
luH regret that lie Jmd not ap])Iied lilnnielf to geometry hefoi'e 
proceeding to algehraie anidymii. lie made some' optieal 
experiments and ohservatious on lunar halos while an uudi-r. 
graduate. 

_ Tliore is a nmimH»ri])t of his written in (he year followiim 
his dogroe, and dated May 28, KKlfi, whieh is the earliest 
doounientary proof of ]m diseovery of (hixioiis; Ihn general 

<>■■> 

yom ICGf). It was ahont tho sanm timo tliat Im diseoveivd the 
binomial thoorom (soo p. 2011). 
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Oil uccfrtuit of tlio plagiio tlio collogo was sont clown in tho 
mnninoi' of lOfifi, ami for tho iioxt yiiiw and a half Nowton 
liyod at liomo. Tliia poi-iod wivh orowdod with bnlliaub 
iliHiujvai'ioH. .H.n workod out tho Iluxional oalmdna tolumlily 
bhuH in a nianwsmpt datod Nov. 13 of tho samo 
yoai' ho UKOH nuxioiiH to lind tho taiigout and tlio radius of 
•niryaturo at any janiit on a caivvo, ami in Ootobor IGGG ho 
HliiiliiiH thorn to Hovca-al prohloniH in tli(> bliooiy of oqnabioiis. 
Nnw(,on t!oumninl(?at(id tho niKults to Ins fricinds and pupils 
Irttm anil aftm* IGii!), but thoy worn not pubHsliod in print 

(■ill idil.'h l''roiii IIiIh tho ccdcjhmtcMl ountrovorsy with Loibnit?. 
ai'osn whiiih w niontioiiod lafcoi* (hoo pp, 328—333). 

lio HhH> at thin tiimi, that is in IGGG, thought out tho olo- 
laoiitH Ilf Ilia thooi-y of gravitation. Leaving out details and 
tiiluiig I'ouml uomii{*rH only, his reasoning is usually said to 
liavo lit!o)i tot follows. .Ilo know that if a stono woi’o allowod 
(d fall near tlio aurfaeo of tho earth tho attraotiou of tlio earth 
{tlial- ii( tlio weight of tho slono) caused it to move tlivough 


M T 



1 II feel, in ono Hecniul. Now ho know tho distanoo of tho moon, 
and tiierefoi'o tlio ioiigth of its path. lie also knuiv tho time 
(ho niooii took to go oiico round it, nainoly a inoutli. .ll'oiico 
ho could I'asily iintl iln volouity at any jioiiit mioh as M. Ho 
could Uievidbro lind tho (liKl-aneo MT tlirough whioh it would 
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move in the next second if it were not pulled by tlie eiirtii’H 
attraction. At the end of that second it was liowovex” Fib > 
and therefore the earth must ha^e pulled it througli tlio tlis- 
tauce jTJI/' in one second (assuming the direction of tlics cai't-li’H 
pull to be constjint). Now he and several pliysicists of tho 
time had conjectured fi-om Kepler’s third law that bln> 
attraction of the earth on a body would be found to cIocl’ojiso 
as tliQ body was removed furtlier away from tJie earth in 
proportion inversely jis fbe square of the distance from the 
centre of tlie earth*; but up to this time no one know l)t)^v 
to testAvhether the guess was feme or not. If however thin 
was the actual law then should be to 16 foot in a 1>J’<*- 
portion which was inversely as the square of the distance of tlio 
moon from the centre of the earth to the mdius of tlio oni't-lu 
When however Newton made the calculation he foniicl thiib 
2J/ was about one-eighth less than it ought to have hooii om 
this hypothesis. It seemed tlierefore as if this wne nob tlui 
true law of attraction, and Newton put the investigation ou 
one side. When in 1684 lie became acquainted with in<rv<i 
accurate data than those lie Imd used in this work, ^v^H 

found to have exactly the value which was I’eqiiirccT by blj<i 
hypothesis and the verification was complete. 

The above is the usually receivotl account of liia iuvoHbi- 
gationa on gravity iu 1666, but Prof. Adams (than whom no 
greater authority could be obtained) says that there enn bo no 
doubt that the numerical verification wa.s fairly coinploto in 
1666, and that Newton’s difficulty was of a totally cUn’ui-FMib 
kind. If I understand him ariglit, ho says that Newton -W'iik 
then firmly convinced of the principle of universal gravitiibiou, 
that is, that oveiy particlo of matter attracts every otlior 

* The reaBoiihig was na follcnvs. If t» bo the velocity of a plannl, 
r the rndiuH of its orbit tnkon as a circle, and 2’ its periodio' timn* 

vsiTrrjT. Blit if/ ia the oofloleration to the contra of the oirola, 

J r~ 2'» ' 

Now by Eoplcr's. third law 2'“'varios:aa'j^;; hauco/wice inversedy ne r'-*. 
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iMo. lid prolwibly mmiHJotwl that tho nttraobion variud ns 
till' pvddimt oE tlidii- naiHsoH ami inv<?i'Holy as tlio a(]iinvo of tho 
(listiuicd laitwdim thdiii, but Iio lnul not boon iiblo to dotoriniuo 
wlmt tlni attmotiou of a H|ilidrh.'al mass on any oxtonial point 
would lid, and it is at any raid eortahi, as wo know from liis 
IdtltuH to llalhiy, that bo did not than supposo bho attraction 
ol' tlid (lui'tb b) ant as if it worn conconbmtod into a single 
pai'tiold at ita ({oiilro nor did lio boliovo tlnvt this was in tlio 
loaat likoly U) bo tbo (uuso. .Il.o must tlaa'oforo liavo rogax'dod 
tlio riilalion botwooii gravity and tlio moon’s motion ns sliowing 
Mint till) moon wna lc<ipt in its orbit liy tlio attraction of the 
I'lirtli, and not as giving tlio oxaot law of attraction, though it 
ma<lo it prubablo tliat at a noiisidorahlc distanco the latter 
varied appro.xiniatoly as tho invorso H<pmi'c. 

It was alao wliilo ataying at liomo at this time that Iio 
dovisml Homo iirntrumonts for grlmling lonsos to parbionlar 
fnrniH otlmr than aphorloal, ho jiorhajxs dceomjioHod light, and 
lio iiortaiiily ilovotcd oonsiilorablo tinio to astrology and alohoniy, 

I may add that ho novor nbiuidoaod tlm idea of transnnvting 
baso nidtala inti* gohl, lliougli I do not think Im attomptod to 
direct it liy r<w*lviiig gold into its ohnnents i wliotlior tlio 
latter cxpcrlnidiit is posaiblo Juw yot to bo proved. 

On his roturii to Oambridgo in 1007 Nuwton got a follow- 
aliip, mill took his M.A. dogroo in 1008. Jlu took pupils, aud it 
is pi'oliahlo tliat Ids which was a inamiscript 

imiilgdlira, theory of o(]uutioiiH,aml uuaccllaudous problems (seo 
p. !lll.’!) was of tins date. It waa printed by Winston against 
Ilia wisiid.M, but with bis consout, in 1707. llis note hooks 
allow that lim attimtlou was now mostly occupiod with chomistvy 
and optics, though tlioro iiro a good many pvohloms in pure and 
aiuilylioal gooiiiotry scattored unumgat them. In lOOK ho oon~ 
stniclod a rollootiug loloscoiio in order to evade the dinicultics 
of clii'oiiiatiHm cansnil hy tlio uHo of Iousiih. 

In tlio early jiavt of JOfd), or pmiiaiis in 1008 lio revised 
navi'ow’s lectiiroK for liim (hoo p. 200). 'I'lie end of locture xiv. 
is known to havo boon wrilUm by Newton, but how much 
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of the rest i.s due to his su^estions cannot now be detor- 
mined. 

As soon as this was finished ho was asked by Barrow and 
Collins to revise and add notes to a transktion of KiiiokJiuy- 
sen’s Algebra (see p. 276): he consented to do this on condition 
tliat his name should not appear in the matter, He was oloetod 


Lucasian jDrofe.ssor in 1669, and the preparation of his lectures 
occupied most of hia time in that year and the beginning of 
1670; but ho finished thealgebm before the close of 1670. Ho 
also at Collins' request solvetl some problems on liarmonio series 
and on annuities which had previously baffled investigation, 
though with that morbid dislike to publicity which coloured 
all hia life, he only gave permission that Jiis results should bo 
published “so it be” as he says “without my name to it: for 
I see not what there is desirable in public esteoni, wore I iiblo 
to acquire and maintain it: it would perhaps hioroaso my no- 
quaintance, the thing which I chiefly study to dooline.” 

In 1670 he also woto his analysis by infinite serios, iilio 
object of which was to express the ordinate of a curve in nu 
infinite algebraical series evoiy term of wliioh coxdd bo inte- 
grated by Wallis’ rule (see p. 267). This was given to Barrow, 
and he by letters dated June 20, July 31, and Aug. 21 com- 
municated it {mth. Newton's leave) to Collins. In tho early 
part of 1671 Newton began a systematic exposition of liis 
analysis by series. It was never finished, but translations of 
the fragment were published in 1736 and 1746, 

In these two years lie bad tlius revised and edited Bnri'ow’a 
Lectwes, edited and added to Kiucldiuysen’s Algebra, and by 
using infinite series gi-eatly extended tlie power of tho niothod 
of quadratures given by WaUis. These however wore only tho 
fruits of his leisure ; most of his time during those yoara boiiiir' 
given up to optical researches, “ 


In October 1669 Banw had i-esigned tho Lucasian chair 
in favour of Newton. Ne^vton chose optica for tho subject of 
his lectiu-es and researches, and bofoi-o tho end of tho yoar ho 
lad worked out the details of his discovery of the dooomposition 
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of a my of white light into mys of diftovont co]oui-.s, wliieh 
was Girootod ho tells vis by mevins of a prism hovighfc at Stour- 
briclge Fair. TJio niamior in which he was led to these investi- 
gations seoins to have boon ns follows. It was well known 
tliat tlio images formod by lonaoa wore indistinct. Descartes 
.James Gregory, and others hopotl to correct this by grinding 
tlio surfaces to aplunatic forms, and this was what Newton 
had himself tried to do in lf,G6. Ho now however detorniined 
to H(!e Whotlier there miglvt not bo some other cause for tliis 
nulistn.ctnc.ss besides tlm fact that the ray.s from any point of 
tlio ohjeot wore not hrongJit accurately to a foens at a singlo 
I'oiiit. .(.lie wliolo investigation is a model of rigorous scion- 
tilio reasoning, and tlm conclusion was tlmt white liglit was not 
hemogonoous but consisted of rays of dillereiit refrangibilitios 
I iio oompleto oxiilaimtiou of tlio theory of tho rainbow fol- 
lowed from this discovery. 

Dy a curious clmjitor of ncoidimts Newton failed to eoiToct 
the oliromatio aberration of two colours by moans of a couple 
ot prisms. Hu therefore abandoned the hope of making a 
refmoting tekmeope wliieli should bo aohromatie, and instead 
designed a rellocting toloHCoiie, probably on tho model of the 
one previously allmled to. The form ho invontud is that 
still known l,y his name. 'I’ho Ifoyal Society lieard of tliis in 
1070 or 1071 and asked tliat it might he sent to London - it 
was accordingly ja-esentod to tho mioiety iu 107 J. Newton 
does not seem to have ovei- resumed the pmctieal eonstniotion 
of teli!scop(!s : tliougli in 1(572 he invented a ro/looting mioro- 
sceiie. ” 

In 1071 Newton began to prepare an edition of the looturos 
on o])ti(!H, twenty in iiumher, wliicIi ho had ns I.ueusian pro- 
fessor delivonul in tlm years 1009, 1070, and 1071. These were 
nut printed till 1729, after Ids death, when a mnnuscrijit copy 
of them which he had given to David Gmgory, the Savilian 
prolesnov at Oxford, was published (see p. ;130). Tim larger 
part of his new results in optica up to this date were however 
incerjiGi-ated in the papers commimicated to the Iloyal Society 
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at its request in January and Februiiry 1C72, and published 
in its transactions. His deductions from tlioso cxpoi'iiiioiilH 
were attacked with considoi'able veliemonco i)y PavdioH ni 
Prance, Linus and Lucas at Liege, Hooko in lUngland, au<l 
Huygens in Paris; but his opponents were finally siloiicod and 
convinced. The correspondence which this entailed on Nowton 
occupied nearly all his leisure in tlie years 1072 to 1.070 aiul 
prevented his doing any original work. Writing on .Dot). 9, 

1675, he says “I was so poraeouted with disoussionH arising 
out of my theoi'y of light, that I blaiuocl my own imprudonco 
for parting with so substantial a blessing as my q^uiot to run 
after a shadow." Again on Nov. 18, 1670, ho obsorvos “ J, 
have made myself a slave to philosophy; but if I gut rid of 
Mr Linus’s business, I will resolutely hid adiou to it otunuilly, 
excepting what I do for ]ny private satisfaotioji, »»r luavn to 
come out after me; for I seo a man must either rosolve to put 
out nothing new, or to become a slave to defend it.” 

He was also liavassed at this time about Iris futiuv.', iih IiIh 
fellowship lapsed in 1675. Tlie Grown howovor on April 27, 

1676, gave him a special patent to continue to hold it us long 
as he was professor; and ho was about tlie sanio fcinio o.xniiKtid 
payment of his subscriptions to the Royal Society, of wliiuh 
since 1671 he had been a fellow. 

Not only was his time during those years tivkcni U]» witli 
the controversy on tho validity of his own concliisioiiH lUid ox.- 
periments, but Hooke involved liim in a corro»])oii(li)UO{) iihout 
the cause of light. Newton rojectoil tho wavo or oniiHHnm 
theory proposed by Hooko, but (without cominitting IninHtdf 
to any belief in it) suggested in 1673 cortaui iinprovomoiit.s 
in the theory. 

This correspondence seems to have suggostod to .Newton 
the enquiry as to how light was really produetjd, and in tho 
spring of 1676, as soon as Ins financial affairs woro arraiigod, lio 
set himself to examine this problem. By tlio oloso ol' tho y('ar 
he had worked out the cm*poseulav or omission tlioory, and tini 
results were comnumicatetl to tho Royal Society on Doo. 9 mill 
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Hoc. 1C of that yooi'. I should add that some of Newton’s 
experiments wei'e mndo hotweoii 1G72 and 1G75, and that 
Hooke liad previously obsorvotl the colours of thin plates. The 
only other paper ho wroto on optics was in 1087 in wlucli lie 
elaborates the theory of fits of easy reflexion and transmission, 
the inlloxion of light (bk. ii. part 1), and tho colours of thick 
plates (hk. ii. part '!•). Tho throo papers togothor contain the 
■whole of Jus tlieory of light, and comprise tho bulk of Ins 
troabiso on optics i>nbli8hcd in 170d, to which the vofevoncos 
given imiiKidiatoly abovo rofov. 

ohjoet of tlioso two papers of 1675 was to ostablish 
tho omiHsion tlioory. Only tliroo ways havo boon suggestod 
in whiflh light win bo produced mechanically. Either the oyo 
may be Hupposed to eeiul out somothing which, ho to speak, 
leels tiui objeot (aa Euclid had supposed, soo ]), 50) j or bho 
objeot pevooived may send out somothing which liitH or afToota 
the oyo (as Nowton Huppo.sod in his corpusmiliir or omission 
theory) j or there may bo some medium botwoon tho oyo and 
tho object, ami the object may cause some change in tlio form 
or nature of this iutorvoning medium and thus aftcot the eye 
(as Hooke and Huygoim supposed in t))o imve or uiidiilatory 
theory). It will ho enough hero to say that on oitlior of tho 
two latter theories all tlm obvious jdmnoniona of geometrical 
ojitieH such as rodoxion, i-ofmotion, Ac. can be aceoanted for. 
Within tlio proKont coutury oruoiul oxporiuiontH havo been 
(levised wliioh give dillbront resultH according ns one or the 
otlier theory is adophsd ; nil tlieso oxperimoiitH agree with tho 
results of tho uuduhilory theory and dill'er fi-om tlio results of 
the .Newtonian theory; bho latter ia tlieroforo untonable, but 
wlietlier tlin former reprosoiita tho whole truth and nothing 
but the truth is still an open .question. Until however tlio 
tlmory of interfevenco was worked out by Young tlio liyjio- 
thesis of Huygens failed to account for all tho facts and Wbia 
open to more ebjoctioiia than that of Newton. Althougli 
Newton did not boliuvo that tlm wave theory was the truo 
explanation, lio subsaiuontly olabovated tho fimdamontal prin- 

10—2 
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uiplciH of it io thu cnghtli Hootion of tlm Hiiiumil Imolv ol. tl 
I'rmiipiu. 

1 may ho fur tlopurt from tlm (ilivoimlofriiml oi'dor an I 
nay that hoimloH Homo minor [Hiponi and oxpc'riinntitH oii ojitii 
Nowton invontcMl tim wixtaiit in 1700. Ilo noiiI- tlio diiHca'i] 
lion of tlm lattor t«» llalloy, who attindu'il no litllo iinporLivm 
to it that ho «lhl not oommunirati' it to tlio Itoyal Wooioli 
Nowtou^H MH. wuH foiiml auMni}<Ht llalloy’it papnrH on (Jm (hml 
of tho lattor in lY-l’i. Tho iinttninmiit wan imlo|iimiloiitl 
(liHoovovod in 17111 ))y a oortain .lolin lladloy. 

'I'wo hstborH writtoH liy Nowloii in Iho yoai' I(»7() a) 
HulUuioiitly intiiroHtin}' to juatify an allunion to tiioiii. hoilmi 
who liiul boon ill liomlon in l(i711 liad jnat )iiv{Uii to htiid 
mathomatloH Horioualy, and hail ooiiiiiiiiiiioalod iioiim romil 
In tho Koyal Kooioty wliioli Im had iai]ipoi<od to ho now, la 
widuh it WUH pointod out to him liad Imon )ii'ovioiiHly prove 
liy Mouton. Thin lod b* a oorvoKpinidoium with Oldoulair, 
tho Koorotivry of tho Hooioty. In 1(171 Loilaiit/ wroto Hayii 
that ho poHHOHHod "goimral luialytioal nmllmda dopondhif^ C 
inliuito HorioH." OldonlaiVK in roply told him that NnwU 
and (h’o{{ory had uaod mioh huHoh in llioir work. In aimwi 
to a nMinoHt for Information Nowtuu wrolo on dnno 111, 1(17 
giving a vary briof aouount of liia inotlmd hnt uddiip' tl 
oxpamnoim of a binomial (i.o. tlm hinoinial t.booi'om) and i 
Hill' ' »•.; from Urn lattor of widoh Im dodnocil that of aiii ai. h 
alHo addod an oxpvoHiiion for Urn riioliliratioii of an olliptio a: 
ill an infhiito KorioH. 

.Lolhnit/. wroto on Au}<. 27 nnluiif' for fnllor dolailn, and < 
Oot. 2'l Nowton ropliod in a Imif' Imi. vary inlia’oHtiii;^ [lajii 
in wliioli III) givoH an imuomit of tho way in whioli ho laid 1io( 
lod to Homn of lim roKullH. 

Ilo iHigiiiH by Hiiyhiff that alto^otlior Im had imoil Ihn 
iiuithodH for oxpaiiKion in aonoH. Ilia liiHt waH arrived i 
fi'oin tlm Htudy of tlm inuthod of intoriiolalion by widoh Wall 
had found uxpiHmHioiiK for tlmai'oa of tlm oiroln amt liyporhol 
ThuH, by conHuloriiig tlm mirioH of oxpro.HHionK 
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(1-a:*)^ .fee. 

liii lUidiiced hy intoii)olatioiiB fcliu law whiclt coniiectu the suc- 
e(‘HHiv(i coenicioiita in tho oxpausionB of 

(1-a;^)^ (fee. 

llo (ilum Uy analogy obtainod the oxproHsion for tho gouoral 
tiiviu in tho oxpanaion of a binomial, i.o, tlin binomial tlioorom. 

1 1(1 nayH tliat ho pvowiotlod to tont tluH by forming tho square 

of tho oxpanHi»)U of ( 1 - 0 !“)^ which rocluccsd to 1— a?”; and lu! 
jU'tieocidfMl in a minihir way with othor expaimions. Ho noxt 
t('Ht(Hl tlio tljoovnm in th(j caso of by extracting tlio 

Hqiiiu'o root 4)C I -(c“ mmi urilUviclwo, H!o also urocI the sorioH 
to (hsUivmino tho arcaa of tho circlo and hypcn’bola in inlinitt5 
KovioH ami f<»und tlnit tlioy woi*o tho Haino aw tho vosultH ho had 
ari’ivod at by othor ni(?ans. 

I laving o»Cal>IiKhod thin raKiilt ho them diRoardod the method 
of i)>tor]M>Iation, and oinployod his binomial tlioovoin as tho 
iiioHt dinast niotliod of obtaining tho arcfiH and avoB of ouwoh, 
N'owton Ktylod tiiiK hia Hocond mothod and it in tho biiKis of IiIh 
worl; on uimlyHiK by inlinito Horios. Ho sbitOH that ho Imd 
diH(!ovt>r(Ml it bofon^ tho plagim in lOOf) — (Ki, and g{J 0 H on to 
nay that on lining thon obliginl to Inavo Oainbridgo lio hud coaaod 
to piu‘nno tlniHo idouH aw ho HUHpootod that Nioholaa Morcator 
luul oniploynd Homo of thorn in hw Loyarithmotaohnia j and 
ho Huppfwod that tho romaindov would havo boon found out 
lii'foro ho liinmolf wan of HulUeiontly ripo ago to publish Iuh 
diHoovorioH. Hu had almost forgotten that ho hud over usnd 
liiH first mothoil, until in turning over his papors to writo to 
laiibnit/., bo had coino acims tho notes ho had formorly mado 
on tho snbjiiot. Thorn appnara to ho somo confusion in this 
Htati'inoub as tho Loymnlhiiuilwlmia was not jmblished till 
but it sooma oloar that Ulo discovery was mado in 100(5, 
though for Homo innHon it was not mado known to liis Mondn 
till 1009. 

Nowton tlum procoodH to Htato that ho had also a third 
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inotliodj of which (ho says) lio had about 100!) Hont an luicomil, 
to Barrow and ColliiiH, illustiutod by a]ij)lioationH to arruH, 
roctincation, oabaturo, Ac. Tins was tlio nintluH] of ihixioiiH • 
butNowton gavo no dotjiilo<l dofwiription of it in tlna lottoi',' 
probably bocanao luj thouglit tliat Lcabiiit/ ooiild, if Jk, wisliod,' 
obtain from Oolliiw tlm explanation of it allmlod l;<) ubovo. 
Nowton added an anagram wliioJi dcwiribod tlio nmthod bill 
which is unintoiligildo to any one to whom tlio hoy is not 
given, ilo gives hownvor somo illuHiralions of its uso, Tim 
first is on tho quudmtnro of tlio ciirvos nqirosontod by 

wliioli ho says can ho ollbotml as a sum of * ti-i’iim if ^ 

bo a poBitivo intogor, and wliloli ho Miintcs cniinot oLhorwiso Im 
oiroctod oximpt by an inllnito sorlos. [TIiIh is not so, tlio into., 
gration is possildo if l)/n Im an intogor.) lio also 

gives a long list of othor forms wldoh aro innimiliatoly into, 
giubhi of wliioh tlio chiof aro 




I 


• V/ I 


at An" 

w"""' i 

(ct. ,y‘y\ 

whoro 7u is a positive intogor and « is any innnlmr whutovoi- 
At tho oml of his lottor Kowton ulimlos to tlm solution of 
the “invorso proldom of tangonts," a sul.joot on whioh l.oibnit/. 
had nskod for information. .Il« givos forniulm lor rov.n-sinu 
any sorms, hut says that IiohuIoh tlmso formuho ho Ims two 
nmthods for solving suoli iiuostioiis which for tlm invHont Im 
wdl not diiHordm oxcopt l,y „u anagram wlii.di boing ivml o, 
as follows, ‘Mliia mntliodim consistit in o.vtnmtioim lluontis 
(jiiantitatis ox mquationo simul invoivcnto lluxionom oius 
iUtmu tan turn m iissumptionn sorioi pro .pmutitatM uunlihot 
incognita ox .[lui cintura commodo dorivnri posMiint, ot in 
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oolUtionc torniinopum homologoram Kquationis rosultautis, „cl 
(H iiolulna toruunoB jisanniptfo aeriei,” 

ad(lB in fchia lottor that ho is womecl by tJu, questions 
a askcKl , 1 , 1(1 tlio contvoversios misod about ovory now 
aitter winch he imblislics, ami ho rogrcts tliat ],o has allowed 
18 ](ip().s(, to be mtomiptnd by ninning after shadows: and 
(' tluit for the futuro ho will imbUsli notliing. As a 

utter of fact he did refuse to allow any accouut of ].is method 
of JluxionH to be published bill the your 1G93, 

.l..oib]utz did nob reply to this lottor till June 31, 1677 In 
liiH auHwe,' he ex],lainH his method of drawing tangents to 
uurves. w liiel, he says proceeds “nob by Ihixions of lincB bub 
by the (11 h.,-enc.« of numbors"; and l.o introduces his notation 
'h d;« and dy for the inlinitoHimal dinbronces l)obw(,on tho co- 
erdniates of two eonmwutivo points on a eurvo. Ho also gives 
u Holu 10,1 of the problem to llml a curve whoso subtaugent 
IS eouHtaiit, which shews that lie could integrate. 

1 do not know what were Newton’s oociqiationa during 
iinxt eight years, 1 (ITO-lOd-l-. Ho was partly engaged in 
(ilmiiiieal expei-uuents and partly in geologicial apeoulations : 
and 1^ lielievci, tlimigli I epeak with some hositation, tliat his 
<'Xp(>riiiieiil;s in eleetrioiby and muguotism* and on tlio law of 
‘loolnig are of tl.is date. A htrgo part of tho geometry and 
the pm'() iiiatheiimticM wliid, woi-o aubse<iuontly inoorporated 
111 the ili-sb book of tho IMnaipia .should probably bn also 
i’el.eri-ed te bliis time : am] poihaps some parts of the essay on 
eiiliie (iiu’ves. 


ill the Iiitter part of 1071), in conamiuonce of a letter from 
Hooke relating to projeetiles, Nowtou was hid to oonsider wliat 
would be the form of tho eurvo which u body juojeetcid fi-om 
a iieiiit nrnl aeted upon by a ceukul attraction varying iu- 
v,>mely as the Sipjaro of tho distanco would deserilie. He tlio, i 
estal.liHluid the theorem relating to tho otjual desei-iption of 
areas, and tliseevni-ed a goiioi-al motliod of dotei-miiiiiig tite law ol' 

* Ho tlioiialii llial Htimll umKuntH aUmolnil ouo imolhor with a rerou 
wliioli viinod invoiHoly m the oubo of the (HhUiuco hulwoon thorn. 
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a coutiiil l:(mio hi Ihiib nii.vKh'<«' "••■'h’ he di'MorilxHl 

niulor itH aatioii. Thin 1>«» a|iiilu'(l (i> (ho ullipiin, nml pvnvi'il 
(ilmb if iliiK ourvn wrns hy ii pm t ii'lit u)nlai' itm miUiai 

of a foi-cd (llrtuitad (,t» llu' fm-UK llu-u tliia roivi' iiiiiiH. vary 
invdiwily iw Um >«|Uiir«» t)!' l.luMlIalimc^r lV4'iii llu' liiriui, (luii- 
VdlWiIy Im ahnwad if Mm fnin: viiHad iia Mic itivalHn ai|UiilV 
of I, ho diatunoo fiom u poiiH., U»i orhib would ho u oonio liiiviii}' 
lliali piiinb iw fooim. Hool(n lioliovtul lliiil. il wtoi iiii iiiln'roiil; 
proporly of a ooloaMal Ihaly l.oal.|.ritt:t. alt iimUiT (wliollao' iiuiido 
or oulaido it) to Ha ooiitro ; iiiid Im ooiiji'tiliii'od l lial' l lu* law 
wiiH alwaya Mud. of llio liivoritO Hipjuro. Nowhni i.lnlod llial. il; 
wall iiiipoKHililo tliid. lliat ooidd Im Mio law iiinido I ho I'lirl li, lap, 
ill ia (piil.o prohahht lliat lloolio’a lott<»v HU},';'oiili’d lo hint llio 
pONHiljilily Uiidi l\)r tixlornnl iicanla Mint iiii|t:hl. pivo osiioily Ihn 
tlinnitioii and mnj{iiitudo of Mm romiltin;' atlnii‘1 ion, Nowloii 
wan howovttr at thin tinio (’idly ootnijdod svilti other mihjoolu, 
Ko after applying liiii iimtliod lo Mm idlipim and anHWorinf,^ 
,1 (()nlct'’» (juraMoii, Im laid tlmso oalmilatiou'i tifiiio, and pavo no 
Ihmijild, to llio Huhjoot ii^'iiin for livt^ y«-ara. 

In Auf^iint IliK'l Ntnvlon roooivod a viuil. IVoni llnlloy who 
tli'tiw his uthinlioii attain to tlio nioMon of the inoon, Hooke, 
HnyuoiiH, llalloy, and Wren had all oonjeolnrod iliid. the 
I'oroe nf the aUrnntion of tim min or earth on an external 
piirtiole varied iiiveraoly an Mm mpiaie of llm dialaneo ; mid 
Mm inveHtiniitioiiM of lloolvo wmn partionlarly injLConiunii. 'I’liette 
wriUn'H si^etn to Imvo inditpiauioutly shown I hat if Ki'pler'n 
eoimlnsioiiH wore riKoroimly trim, im lo wliieh Ihoy woro not 
((uiLe mirtain, Mut law nf Hllraetiou must Im lied of tlm invovae 
sipiiu'e, Imt Mmy eoulil not dadimn tVoni tlm lasv tlm orhtiri of 
Mm planets. When llalloy viiiilml Danihriilt^'o in An;,;;iiat. iHHI 
lio ONpiaiimd that Mmir iuvesM|,(ationa wore al(>p|md hy t lmir iii- 
ahiliby In snlvo Mmh proldoni, iiiidimked Newlon if ho eoiild lind 
out what tlm orhib of ii planet would Im if I ho law of all rm-l ioii 
wore that of Mm invorso Hipiavo. Nowtim inniiodiatoly replied 
Miat it was an ellipHe, ami piiinumui to send or wi'ito out afresh 
his old (UiiiniiiHtration of it. 'I'liiH whh sent in Novendmr lilHi ; 
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and oitluir i(. or a fuller exposition of it M'as rogistorcd in 
DoeenilH'V l(iH4 under tho title De niotu. 

It is known tlmt it was in 1(584, and no doubt it wns 
inniKHlialioly aftiir Ifalley’H visit, that Newton reviewed his 
early attempt t(j see whether the moon’s motion wns in ao- 
(!t)vdam!e witli the law of tho invemi square. Using some 
observations of T^i(5iml on tlui diinonsions of the earth (whioli 
luul bisui <iommunieat(wl to tlu! Jloyal Hocioty in 1072) ho found 
tliat at the einl of one ininnfco tho dellexion of tlie moon from 
the line in wliiih it had boon moving (i.e. the tangent to its path) 
was iiheut Ui hint. Now the spaise descvilsKl by a falling body 
in Ihi' (li'st seeoud of its motion was also 1(5 f<5et. ilonco (using 
the I'ornnila .'< • .'(./'i”) th<j fore<* of tin* earth’s attvaotiou at the 
distniKU! of the moon was U* tho forc(» at the surface of tho 
earth in Um ratio I : ((>9)“; that is invia-soly as the s(iuaros 
of tlielr respeetive disUineeH from the oentve of tlie earth. 
'i’liiH may only have been a repetition of his rough verilloation 
of llKUl. At any riit<! NowUm made it again, ami thus was 
enahhh In shew that if tin; dlstomaw of tho members of the 
solar systmii wero so great that, they might for the ]nii’poHO 
of tlu'ir mutual attraetion he regarded as pointH then thoir 
molieiiH were in a»«’.m’danee with tho law Jif gravitation. 

'.I’lie ehmmnts of tliese discovorhsH w»a-o imt togetlior in the 
traet (iulhul !><'■ vn)l»; which contains the anhstanoe of Hoctions 
ii. and iii, of tlie (irst book of the lYinc.ipia, and was nnul 
by Newton for bis Icctiirim in the Miclumhnas term 1084. 

Newton liowever bud not in 1084 determined tho attraction 
of II Mplierieal body on any external point, nor had he ealcnlutod 
|;he deUiihi of tlio planetary niobiouH oven if tho niembors of the 
snliir system could be regarded as points. The first problem wan 
solvcil in 11585, ).rol»ivbly luthevin .lauuary or Kobruavy. “No 
sooner, ’’ to quote from Dvdlaisher’a udili’ess on the hioentoniiry 
of llio pnhiication of the Vrinciina, “had Newton proved this 
suiierh theorem- -and wo know from his own words that he 
hiul no e.siicotation of m heautiCul a result till it mmn'gijd from 
his matliematicid investigation — than all the mucluvmsm of the 
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iinivomi at OUCH lay boforii him. Wlmn ln^ diarovarod 

tho tluioroiiiH that} rorni tlm lii'al'. Miran of linoh i., 

wlion Im ^avvo tlicaii in liin laotun'H of HiH I, )io wax iiiui.whi'o 
bliiib klio Him ami (tarbli oxin'U'd tlioii* aldinalioiix ax if Mioy worn 
liut ])()inls. Mow dillonnit miial/ iJii'.xo |i]’o)ioxilii)iiM )iav(> 
Hiiixiuid to Nowlim’rt oyoa wlmii Im ix-nlizod l.liiil ilu'xo rcxultH, 
wluoli ho had holiovod (.<> ho only a{i]>i’o.\imii(ioly lino wlion 
iqipliod to tim Holar Hyalom, worn roiilly o\imt> I i lilJioi lo I, hoy 
hiul l)(!on tnio on)}' in no fai* iih he ixmld ro^ifiird tho xuii an 
a point oonqxirod to l-Iio diatanrn o|‘ tho ])laiio{!i, or tin* ixu'lh ax 
a [loiiit oomparixl to kim lUatanro of tho moon a dintaiiao 
aiiamuting to only al>oii(. nixty (inioii llio oartli’n railiiix -lail. 
now liny wm’o mathoinal-ioally trm*, oxi-opfim' only for tin* 
Hli^dit doviakhm from a jH'rfootly a|ihi'rii-al I'oriii of tin* lain, 
oarth and pianola. Wo oun inia;(iMo tin* ollork of lliia aiiddoii 
ti'anaitimi fi'om appnixiinalion to o.sai’titiidi' in htiiniilalhii; 
•Nowtnii'H niiml to akitl ^roalor olforlx. II. wax now in hia 
pownr to apply nmtiiomalinil aiialynia with alixoliito prooiahiii 
to tin' aatiiai prohlonia of axtronomy." .Aflor iJiroi* or four 
M’iioIch’ iVHt ho dovoltui liimaolf to |jio oxplaiiatimi of Mai 
dataiUid )ihiinomona of Mm aolar aynlom and in I ho almiml 
iinimdllily xlioi-t Kpmm of Mnin from i\lai’oh lllHli to Mm nnd 
of Maroh l(iK7 Imnomjdolod llm wholo tif tho /'rlin ifiiif. Of 
tho tliroo fiindamontal priimiploa thorn appliod wn may nay 
that till! iihtiv Mint ovary partiolo aM.nmlx ovory olhor paiiiolo 
iu tla* uiiivoran wan fornmd at ti-nat aa oarly ax KHili; Mm law 
of o(]uahh! domn'iption of aroan, itn omixoipioimox, and Mm faol 
Miat if Llio law of utlniitlion worn Mink of tho iinx-ivo mpiaro 
till! oi'hik of a pnrMiilo iihimk a rontro of forut! woiihl ho a ooiiio 
wiiro prnviid in KITl); and ItinUy tlm dhiiiovory tliak a aplmro, 
AvlioHi! d(!iinity at any point dopoiida only on llm dixtanoo from 
till! iiuiili'fi, ivktrnolH mi oxloriiid point ax if tlm wlmlo ntaiiH 
worn colliKitod at ita oonkro wmi madn in lllH.'i. It wax tliin 
lank diHiiovmy that onal»h!d liini to apply Mio IIihI, i.wo priimiploH 
to tho plioiionmna of IioiUch of llnil.o aiy.o. 

'I'ho lli-Hb hiiok of Mill /Vmi'f/Mit wnx iinmlmd on April 2H, 
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KiHO, TliiH l)oolc is givon up to tho conFsidomtion of the 
motion of jjavtiolna ov l)OtUoa in froo space oitlior in known 
oi’bitH, or midor tlui lustion of known foi'cos, or undov tlioir 
mutual attraotion. In it Nowton goiuuulizos tho law of attrac- 
tion into a statomont that ovory partiolo of matter in the 
univoi'Hd attracts (ivnry othov iMtrtioIo with a force which varies 
dirootly as tho product of their masses and inversely ns tlie 
Htpiarii of tln! distanoe between tlnjiii; and ho thence deduces 
tlai law of attraction for spherical shells of constant donsity. 

In anotlun’ throe months, tliat is by blie summer of 1G86, 
ho had (iiiislKsl tho socoud book of tho VHneipia. This book 
tiHsits of motion in a roslsting mcduiin, and of hydrostatics 
and hydrodyuamicH, with speoiiil applications to waves, tides, 
and aoouKti<;H. lie comdudes it by showing that the Cartesian 
tluuny of vortices was inconsistont both with tho known facts 
and wit!) tho laws of motion. 

Tho next niuo «»r ton months woi-o devoted to the third 
l)tiolc. Kor this lio probably hud no materials ready. In 
it tlio tlioonsiis obtained in tlio first book are tvppliod to tho 
eliiof plmuonicna of the solar Hystein : the masses and distances 
of tho planets and (wUonovor sulHoiont data existed) of their 
satollltcH are determined. In particular tho motion of tho 
moon, the various ineipmUtios therein, and tho Lbeory of tho 
tides are wt)rked out in groat detail. Ho also investigates tho 
tluHU’y'of coiiuits, sliows that they belong to tho solar systom, 
explains how from throe observations the orbit can bo de- 
termined, and illustrates Jtis results by oonsidoving certain 
special cometH. 

The third linok of tho rrineijiia as wo have it was but 
litbh' laoro than a skotoh of whnt Howton had in’oposed to 
hiiiiHolf to accomplish. Tho original pnigrajnme of tlio work 
that he had stil, before himself Is among tho Portsmouth papers, 
and it is evident that lio ctmtinued to carry it out for some 
yjsvi'H after tlm publication of tho Vrincipw, It is possible 
that his investigations wore intorruptod by his serious illness 
in IfiO.'J and nob res^nnod, but in any cast) they wore dis- 
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coiiLimiml on hia Inaviiig in Mo;i(. of IIk-iki 

unpvililislii'd I'osoai'olifa ataau to Imvo ln'i'ii ilculrnyril, Inil, huuih 
fi'ii^inoiiUi liavo Ihuhi imuiorvtal luiioiif' liiti wliirli I’ni- 

tiwuor AiliiiiiH him foi'|.iniHti'ly l«ioh iihlo (o i|f(n|iliiT. < )!' lln':m 
|i()rlia|iii lilio iiioal. Inloi’miliii*' uro tlio^at hi wliii-li Im him I'lin ii'il 
hill iqijii'd.xiniiitioim hy inotiim of lliixiiam ln'yonil llii' ]ii)iiit ul 
wliinh lid wan uliln In (.niUMluto thmii iiiln I'l'niiidirv. |{i!i 
oUht tM (,o do no iiro uiuoiiju'at llin I'lO'laiiunilli pitjidtn ami will I 
li(i[i(i lid kIiovU}' imiilo puldii*. 

'I'hd priiitiiift li**’ work wim vary flow nml il wan nut, 

liiiiilly pulitiahod till tlm autiiiiiuv ol' USM?. 'I'liu wholu t'xiil wim 
lim'im hy Malloy* who alno iriinooh'il iho |ii'iiu('i and I'vm jnil, 
hia own rdai'iuHilma on ono kuIo io Ihu ]iriitliti{' I'orwat i), 

Thu oiiiidiiitim'Ha, iiliiiom-o of IliMatvatioiia itiid ayiilhulii'al 
dhai'iidtdi' of IIk' hook im lu'-it inaurd NiTinimly rdiilridlrd iliu 
uiiiiilidi'H of llioao who worn iihlo to ap|iri’{'iiili< ila valnt<; and 
Ihon^ck ni'iiviy all ronipdt.oni. n-itii-n ndinitldd tliu validity and 
viihin 111' till) work' a douHi'h'rnhhi liiiio t'liipKrd hdi'ui'd it, nH'i'dldd 
tliu lau'i'md, liuitt'fH of odiinih'd nion. I iLhiaild Iiu iiu'liiidd to 
any {hul, on tfua point opiidnim ilinhr w idnly) (lint wiMiiii 
1(1)1 yearn ot' itn piddlriition it wan ^(riiovnlly itdia'|itdd in Mrituin 
ioiKivin;,{a ron’i'ot nmroniit of tlio luwa ot' tin' univuiau, tl, wmi 
Miinihu'ly ammptod within uhont Iwimly ydiua on Mn< doiitinent, 

d.VdopI, ill li'raiimi witoro putriotiani wua nvi^od in I' tlio 

(Jai'teniaii Ihcory until Vnllnin* in look up Iliu advodimy 
ol'llio Ndwtoiiiaii tUi'ory. 

T'hd innmiKdript of tlm Pi'iwufiiu wan linhilmd liy lllMil, 

' Ihilli'if, horn in riOiuliiii hi lti<'<ii tnni iHml at, (iro tovldli in 

wiiii nliiiiidud III HI I'liol'ii Kithool, honddn, and I^iiii ii'm I'otlrjii', 
Oxford, iiiimidi'tkal WhIUh hi l7lUi uh HnvUiim piurKHiini', and tatt>i,riini>iiily 
ill I7‘i0 wiiH ii|iitoinl«<d iiHlionniiiitr voyni in ma:i'i'<i»iiiii to )''laia'il<<il, 
MohL of iiiii wnrliH iirii on iiiilioiioiiiy mid iiaiiti»'li»iii, Ui; rMnj'diiiially 
I'fiHlui'dil tlio nhihlii mid IohI hook of Iho Oi<nii'ri of A)i>illdida>i, aiat la 
1710 hi'ouKlil iMil a iimKnilhMtiil i<(llliou of (Im wliula wiak. tir ahia 
oililuil Llio worka of Hiivwiuh (Iwnnid in 1710), of MinaduiiK (inil-liwlmil in 
17riH), uml Koma of Ihii minor woi-ka of ApollualiiH, Ho wna in liin tain 
Hucooialod at (iri'omvioli hy Jlrndlny, thn iiiohi. itinUiiMMiNlinl iy>lii<ii«iiiiii' 
of Ihu ni{0, iiial Dm diHCUvurcr of tlm uuimo of ii^tronuiaiaid nhrrouidii. 
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Newton devoted the remainder of that year to liis paper on 
optics (sec p. 291) in which he completed the emission theory. 
a?his paper was read before the Royal Society in 1687 : the 
greater part of it is given ijj> to the subject of diffraction. 

In 1687 Janies II. having tided to force the university to 
admit as a master of arts a Roman Catholic priest who refused 
to bake the oaths of supremacy and allegiance, Newton took a 
proininont part in resisting the illegal interference of the king, 
and was one of the deputation sent to London to protect the 
rights of tlie university. The active part taken by Newton in 
this affair led to his being in 1689 elected member for the uni- 
versity. This parliament only lasted thirteen mouths, and on its 
dissolution ho gave up his seat. He was subsequently returned 
in 1701, but lie never took any prominent part in politics. 

On his coming back to Cambridge in 1690 he resumed his 
matliematiciil studios and correspondence. The two letters 
to Wullis in which he explains his method of fluxions and 
iluouts were written at this time, Aug. 27 and Sept. 17, 1692. 
they were published in 1693. It was at this time also that 
ho sent a copy of his lectures on optics to David Gregory 
who on bis recouunendatiou had just been appointed Savilian 
professor at Oxford, 

Towards tho close of 1692 and throughout the two follow- 
ing years Newton had a long illness, suffering from insomnia 
and general nervous irritability. It was at one time said 
that he was going out of his mind, but his correspondence 
shews no sign of tliis and the rumour seems to iiave been 
the invention of those who were jealous of his fame. He 
however never regained his elasticity of mind, and though 
after his recovery he shewed the same power in solving any 
question propounded to him, he ceased thenceforward to do 
original work on bis own initiative, and it was difficult to stir 
him to activity. This mental sluggishness is I think veiy 
noticeable in the cori-espondence witli Cotes from 1709 to 1713. 
Although Cotes was editing the Principia for Newton he re- 
ceived but little assistance, and his requests for information of 
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wliul Ninvlon Ititil iiH'iiiil. Ill' Imw a Ihi-nii'iii hIiuiiIiI )ii> |ii'iivt!il 
Will'll fn'qiiniitly |i(i}it']Mi|iril oi' liul< iiiiHWorci). 

In Ni»w|,ciii lipjjiin hi ilulu niiiiin'.l.iul with 

(Jin ii'i'(i<>uliirilii*ii of iJm iimhiiiV iiioliuii willi llm viow ol' i-o- 
I’iiiiiiK lliii pui'l. Ill' till* I’liiiri/iiii wliii-li ilmtll with tlnit. milijiu't. 
'I'll riiiiilni' Itm ohsni'ViiliiiiiK iMnrn inu'iinili' Im litiAvurilril tii 
h'liuimtiiiiil ii tiihlii 111' roi'i'i'i'Miiiiii (hr ri>iViiiitiiiii wliinli hn 
hull iiri'viiiiiuly iiiiiihi. 'I'liin wuu nol, luililiiiliiil fill IV:!I wlnm 
llullny (iiiniiiinnii'iiliHl it. to llm Uuyiil Hnnii'ly. 'i'lm mi^iiiul 
(lahiuliilJiiiiii III' Nowl .011 iiimI llm |>ii]mrii i'niiiii'hIimI with it ih'd 
ill thii I'lutHhuiiilli iriilhmtitiM at (^iiii)ii'iil)'i', anil nlicw (hut 
Nnwlnii iihlniiiiMi it hy liinliiift lliii piifh iil' a ray liy incniiH 
111' <|Uiii)iut<un<a ill u nmiiitia' iu|)iivaii>iit ti> iIm< iiiilnl inn nj' a 
(lilliii'onliiil ii(|Uiitii»i. Ah an illMiilralinn <>!' Nnwtuii’a ;'Miiiiiu 
1 may uii'iilinii tliat I'vmi mi lain an I'/’i l I'iiilni' liiilml In unlvo 
llm Miinm inohlma: I.H)ila<'ii hi IVHi* ^av«' a anhilinit ul’ it, ami 
Ilia I'liuullii iinlmlaiitially with liman nC N'nwlim, 

I ihi lint iui|»|inHn timl Nnwlnn wniihl in aiiv ninit' liava 
)iri)iluiiinl mmili ima-o onj^liial \v«ali alini' hiii illimiu; lail, liiii 
uppitinlmiini in Hillh an waiiliin, ituil liia iJiniiiiilinii in Hill!) 
Ill llm iuimli)i'nliip nf Mm mint at n i.alai'y nl' .CI.'iDd a yiuir, 

hvounlll hill iminiilillo Invnatli'all Inaii niiil. Ilia hiinwIi-ilKii 

III! (ilmmiiitry ami immimnma Imm jnnvrtl iiiii'l'nl, and Im ana- 
timii'il Id III! Mm olllim nllminiiily till hja draili in r/;!7, 

I im rniutunin^ nvnnla in Ida HU« may Im ainniimil n|i vt'vy 
Hlmrlly, In I7l)l Im mii|*m'il llm l.m'aamii nliair ; in 170:1 Im 
wiiM nhidldil jin-aidniit i.r Mm llnyal Himinly; in I VO I Im |mli^ 
lln)mil Ilia O/dii’H wiMi l,\vn a|iiininlin'ii, III' llmim nn« wmi lai 
(UirvdH (if Mm Mdril ild^^ivn, in whmh Mu-y urn l•lllll!Jlinl| and 
tlmii- dhiof prnpnrUnH iiivi>a(iHiili'd. Tim M.’i'inid wan nn llm 

’ .him I'hmulmf, bani »l UnliyiM liiii) nail dinl ai, ih.-nnwii'li in 

1710, wiiii om» nf tliii mnal. iliiilhimiialii-.l nf tliiii aaa. 

lliiHliluii iiumli viihiiiblH wnrlt in HHlinnma.v hi. inwat.d 0,.* i.ialaia 
(iHihliHliril in XHHIl) uf ilrawluH miijm hy juaJiuUm! ih<> luiilaa.. nf llm 
Bliliian oil im onviiloiiliiK (.mm, >v]ii(,)i (iim tluui Im iinwiai.iinl. I!., whh 
huoooihIwI uh iiHlraimiaur rnynl hy I lalloy. 
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quaclrutiUMi of cnirvoH Uy oxprcsKing tho ordiimto in torins of tho 
iibHoiHHii (ij’ iuic{!nKai*y nsiug an infinito sorios) and contains nn 
luiconnt of htw iiKitliod of Iluxions. In 170/5 lio was knighted. 
Fr(nn tliia tinio onwardn ho dovofcod nmoh of Ins Icisuro to 
(ihoology, and wrote at groat length on prophocios and pro- 
(lidtionH which liad ahvaj'a boon Hubjocts of interest to liim, 

I Mh IhiMi'Hidjh'itlmiiitic. wanpublinbod by Wliiston in 1707; 
lull Ni'wton Inul nothing to tlo witli proparlng it for tho press, 

'.('ho (lispiito witli Loibnitz an to wluithor he Imd derived 
tlio ideas of tlm diflbrontial tsUoxiUiH from Nowton or invented 
it indopinnhnitly originatful alumb 1709, and o.\;cited great 
inter((st eHpeeially fwnn tli(j yearn 1709 to 1716. I allude 
brielly to this u few pigoa later. 

In 17011 Newton was poramuhid to allow Ootes to prepare 
tho long-talknd-of wscond edition of tlio PHneipia. Tlie first 
edition had boon out of print by 1090; but though Newton had 
(lolliiotod Homo niatorialH for a hocoikI ami enlarged edition, ho 
could Jiot at first j)htain the roquisibo data from Flamsteed tho 
astrononiei’ royal, and HubHocjuontly bo was unable or unwilling 
to find the time for tho imo^ssary iMwision. 'J’ho corrospoud- 
onco botweeii Nowt(»n and Outc.H on tho various alterations 
Jiuulo in this (idition is proHO-rv<Ml in tho library of Trinity Ool- 
htgi^, Oainbrhlge, and is oxtromoly intoreating: it was edited by 
I'ldh^ston for tho co}leg<J in IHfiO. Tho Hocond edit ion of tho lYin- 
dpia was issued iu MaroU 1713, and was sold out witliin a few 
months, lint a iiiratod tulltion published at Amsterdam supidiud 
the demand, In 1723 Nowtoii entrusted the editing of a tliird 
jidition b) llonry I’omborton* and thia was published in 172(>. 

In 172fi Ntnvtou’s lioalbli began to fail, and on March 20, 
1 727, he died of stone. IHh body was wu-rital to tho .TeruHuloni 
(Jhamber, and on the 2Ktli «)£ March wuh buried with great state 
in Westminster Ablsiy. 

* Ih'.nm Vmhf.rdm, bimi in Lomlon In KW-l inul died at Oxford on 
tfimdi II, 1771 , wiiH piofc'HHor of idiysio at Oi-oHhniu Collcijo. lie wrote on 
mivonil points eoimiioted witli NowUm's (HwiovevicH, but was liost known 
to Ills eonteniiioruvk'H for iiis hioluros luul loxt-book on chemistry. 
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l„ mniiniriiurt' NuwliHi whh ulu'vl, iih>l tmvin.lii lln- i^Iihumi)' 

I, in !if„ mllii'rt.f.MH, t.ul. wi-n vvidi ii \u\u-v jiiw, n 

v,,,'V '■•"‘’T ’*“'1 '’.vt'H. 

Iliti liiiir liiiiii’il )',••*'.>' •''•J'"*’ I K'liiuiiinl ilii,.|c 

luul wliili' nH Mlv.-rliU 

Anlolii:! iimiUMT*-. v.hu mlliri’ 

ami wim Kt'iH-nilly »»• iu t«i'. '^vh i liniii;lif;. im |„ 1,,, 

llllvtlii'lM MiUiV an.'. '.luff:, nl' Mm 

nxlroiiMMilw'itft’ "I' iiiwMij'iilimi 

liiivn linm imoarnitl. 'I’lmu «I«'H li'liiu' Ihiiii.. fi„iii 

(iviUilli'H" !»’ |.i Ilia li-ia- \\\> n liil), 

\vh(.ii li" III dll' I"|« «!• li" J.iiiial dial Ilf liii.l 

dm lii'iilli' ill I'i'* *»“">. "•'**” I!'”"' 

liwiiv. 'vlmh la- aa. lilifr.l liiii lima 

Id (mlfj'tnin III!* tVii'Mil:*, ir III' Ifli di.-m i» iifi imT-' wiiif nr I'nr 
any nimiliir Im 'vmiM m. nd* u im in-i la- l.mml nl'tfr llm 

liLimn nf imiuf limn wml.iiM' onl u iiliM< 

liin nx|ii'''lii"< "'''‘■''‘'‘"'■t 

imliilunil ill m« iimmifimHl'', '“••I «»akn>l "I'ti'ii 

njifmliiiK nr I'l limii.. mhI uf ilm ;n ill \wtdiiK. 

Ill rliiirufli’i’ li*' "«"* |»' «t''''dy •> 1 »Mif{liM'"i waul ami Imiii'iil, 
Iml, iu liiti willi l.'il-iol.. Il■■"l.n. uhil ntlmm 

IIuiuhIi afni|mlimiily .jiifl. Im u.*l ^runi.iu-., Iln iimili'Mly 
iiljlriiiuli'il lii’i iliM’iivnrii'ii luij'nly tn iJin mhaiialiln wiak ilmm 
liy liiii |iifilfi'*’i>"iir»i r in iiimwnr In u t ri|aiuil.'iii Im fxjiluiimil 

lilllt if 111’ llll'l farllml dl.MI Mdinl' il 'Mia niily Ilf 

I’liUim Ilf luul .’•Innil *'|i dm j.Imultlnin iit uiu"*''' 1 1’’ "U ' 

iimi’l<iillv Jifiii.ihVM hi Imiiin ininlM tl in any iHi" ua mnnr, I 
lirlifVf that, widi dm i’!n:n|il»Mn nf liia I'mi j'ajM'ia mi M|itir:i 
iu diVli^ i'Vi'iy lum nl lii** 'Vmlm wan mily |'iil>li'*!u'il iiiiilrr 
jiraHHUif iVniii liiii ri ji’iMh himI iiH«in'»l liin t»\Mi wii.lina. 'riii'iii 
lira iifvaiiil iiihlnin-ni« nf liia riiniuiniii«-iidnK j'lnn-ia uml icmill ' 
all famlilinii duit' lii»i iiiiiim ^lll•n^ll iml l-n |>nl'li'ila'il, UiuiiiK 
dill I’lidy liall'nl' liih lil'w Im wmi liuiHinmnimix, it uni ulini.!)', uml 
Im wiiH iii'Vfr Ulii’viil In imiimy nmllnru- 

In iiitallfi'L !m lam iiaVnr iH'an Knrj<ii»nMnl uiat janlmlily imvar 
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oqnallfid. Of thin liia oxtiint works nve tho only proper 
test. Perhaps tho most wonderful single illustration of his 
powers was tho compoaition in seven months of tho first two 
hooks of tho l^rinoipia. Another oxnniplo which may strike 
many peoiilo is his Kolutioii of tho problem of Pnjjpua to find 
the locus of a point such that tho i*ectangle under its distances 
from two given straight Unos shall bo in a given ratio to tlio 
r<!(!tivuglo undo]' its distances from two othnr givon straight 
lines. Nearly all tho groat g»:omotriciana from tlio time of 
Ajiollonius liad tried tho problom by gcomotry and had failod, 
an<l it was in his oiToi'ta to solve it that Doscartos was led to 
tlio invention of analytical gciomotry ; but what had jiroved 
iiiHuperahlo to all hia prodecossors scorns to have presented 
little dinionlty to Nnwbon who gave an elegant demonstration 
that the locus was a conic. Ooomotry, said Lagrange when 
recommending tho study of analysis to liis pujiils, is a strong 
hew. hut it is one which only a Newton can fully utilizo. 

To these illustrations of his ability T may add the two 
following examples. 

In 1(51)7 flohn Bernouilli challenged the world (i) to dotor- 
vuine tlio liraohistoclironc, and (ii) to find a ourve sncli that 
if any line drawn from a fix(!d jmint 0 out it in P and Q 
tluui 0/'" 0()" woxild bo constant. Lovlmit/ solved tho first 

of blie.se questions after ratlior moro than six months’ ofibrts, 
and tlum suggested they should ho sent as a challenge to 
Newton and ethoiu Newton rocoivod the prolihnns on .Tan. 29, 
1 (597, and gave tho compl(»to solutions of botli the next day; at 
tlie same time generalizing tlio second (lucstiou, Thu answors 
were! sent anonymously through Montague, hut Pornouilli re- 
cegnized tho hand of NowUm “oven as tho lion is known liy his 
paw,” 

An almost oxuotly similar caso ocourrod in 171(5 when 
Newton was aslced to iind tho orthogonal trajectory of a family 
of onrvoH, Ju live Jionrs Newton solved tlio problom in the 
form in which it wo-s propounded to him and laid down tlie 
principles for finding trajoetoides, 

H. 
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nOd ’i’HK Ul-i-: ANi> WOUKH ()!■ NKW’ION. 

It in Iihiumt imiiinmililn 'li'WM-il-t* IIm^ "ll'.rf, of N,>\v(()n’K 
wvitiiiga without hoin« imui-i-ol.n! of ..MiKj'mati.oi. Hut 

if thd Htiito of matlioumlMuil in liiliJI or ut llio 

(loiah nf Timml or |.’on.mt h.- " ill. wlmt w.u< huown 
in KiM? it will ho hoou how iininojuto wan lla* mlviuici'. In 
f,Mit wo tuny iiiiy ilmt, it (i«.h inathrnnith’iunu luilf a .'01111117 or 
moni linforu thoy wuro uhlu to mHulur iiiul iiu'iiiiiilulo (hn work 
wliiitli Nc'wtim iiuil lu-oiliHtt'il ill Mmitt' twiuily youin. 

Tliu iiilluriir.u of Nowloii in iuiiiivrmo.l on nil lln- imlijurts 
of iiKKloni iniiMu'iimUni, niul hin imnu' in fmoilinr to ..vary 
nmtliomnluml ntuilout; hut liin hookn .ir.> writ (on in u lan^-uiiKo 
wliii’li in ruiuilnivo to mo«t moiloni nnuh’iu inu! tln> nmjoi ity ol 
uritirH iii'u ui.Mlunt to (nliu him nt m-n.ml I hiilim'o 

Imwoviir timt without oxo«*|»tloM ihoi.o who Imvo tnmnnllril Iiin 
orii^ina! worltn luul tlmy immhur llm Kiviilont lutiuon of imlo 
Hoiiuuiit timi-H muk UU iimihomnlu'iil uoliiovuiirnmi. an tlin 
iiiimt womlurful that any oim han ovor 

,lt will hu uiioufth lo i|uotu tin* rouiurlui ol two or tliruo 
of llitmt! who woru auhm'nuoiitly roniiorinnl with llm iiulijciit* 
iimtturof Urn /V»(io>m. I.ii}[raiii'u on roa.IiiH! tin- /’niwiiim 
mU\ 111' Toll ihrml ut inirh an ilhu.tvnlion of what niau'n ill- 
toUuut; init-ht ho m|*ahlu. In «h*mn ihiii|; Mm "llhut of hin own. 
wriliii^H ami tlumi* of l.u|»laro it wan a iavmirito roiiinrk ol! 
liin lliiit Now'loii wan not only thu liioalont. |(oniun that Inul 
tivur uxintuil hut ho wiui nliiu Iho luoni fnrluualo, for an tlmro in 
liul Olio uulvorm', it oau hinna'U hut. to oim man in tim wnrl.l « 
llihtory hi ho tlio iul.oijilolor of iln lawn, Mr luhhnl that lio 
Imiii'.il that tho miluUoiin of tlmi.o |ivol'lrina wliirh worr hoyoml 
Uio I'l'iu'li «»f Nowtoii'ii tiino iiml grniun, hut whirli lia.l yirhhnl 
to tlid lumlyiUH oC llm Hulmonuont roiil ury, ahonhl hr t raiuilalinl 
into tlm IimmuiKo of tlm I’nitiu/nit "in oi.Irr," to unu Iiin nwn 
wonhi, " hi ^ivo hi tlm |•|•oalrui. jirmlui.rmn of llio Immaii niiml 
till) ituvfuoliou of whiuli it in iiumn>|ill)ih'." 

La\ilaru, who in iu k*''*'**'*'''' ''I’lH'i'iK 

nmlcuK of Nowlou tlm «mo oxrnitiiai, ami thr wonln iu 
wliidlt Im mminomU'H tlm oauarn whirli "will ahvayn utamro 
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to tho Frincipia a jn*o-eiuinonce above all the othov productions 
of the luitnau intellect” have often been quotocl. Not loss 
I'onuirlcablo is tho homage rentlored by Gauss. For all other 
groat inatliomaticiana or philosophoi-s, he used tlio epithets 
nuigmis, or olarua or clariaaimua. For Nowton alone he kept 
tho prolix HUnnnuH. 

If I ad{l QUO moi*o quotation it shall be from Biot, who 
though only a mathematician of the second runic had made n 
special study of Newton’s works. Yet ho although writing 
with tho ohjoot of minimizing Newton's invostigationa on the 
method of Iluxiona, almost in spito of himself sums up his 
vonuu'ks by saying, “commo g<5onihtro ot commo experimon- 
tatour Newton eat aana <5gjd; par la r6union do oos deux genres 
do gdnioH il lour plus bant dogrd, il ost saiis oxomplo.” 

A eomphsto ooUootioii of Nowtou’s works was publisliod by 
Horsley at London in 1779, but it lias long been out of 
print, Some of lua corrospondonco has boon ])ubli8hed, but 
tlm groat mass of his Icttcjrs and inatliematical innnuBoripts 
wliicii iiro now extant, forming tho Portsmouth oollootion, still 
romain unedited and unpublished. Fortunatoly their ownoi’ 
in 1872 placed thorn in tho hands of the University of 
Omuhridgo, and in tho samo year Dr Luard with Profs. 
Htokes, Adams, and Livoing woro commissioned to inspect 
tlunn. Thoir roport can hardly fail to throw fullor ligidi 
on tlio vtHJord of Nowtoji’s work. It is alrotidy known that 
Newton’s note IkioIcs show that ho hud worked out by moans 
of (luxions and fluonts his approximutiouH in tho lunar blioory 
to a liiglior order of approximation than tliat sliown in tho 
J’rimipia but was nnablo to tvauslato Ins reasoning into the 
hmguago of gcojnotry. Ilis iiimiiocossful oflbrts to do so aro 
among his papers. Kvou more iiitorosting than this is his 
own solution of tho fanious problom of the shape of tho solid 
of least rosistimco. Tho coimtructiou is given corroctly in 
book II. ])rop. 25, but tho calculus of variations sooms to bo 
required to dotormino it in tho first instance, and it has always 
boon a mystery how Nowton obtained tho result. Professor 

20—2 
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Ailiunii hiiH fciiUHl IV ilrHl't nf iv lntl.i‘r In Miiviil lln'j'niv ill 
wllidll, ill l'('{>)y til <v rii<|Ui'!i(. Ini' ilifnl'lnutinii tijinii lliia pninl, 
NdwIjOii j^ivnH two ilnuiuiiiiLrnl'innH. 

Auftli/nin It/' iW'ii'toii’s ifitrk.'i. 

In (ii'ilnr l-n iivnitl l-lm ntnlimiily "f my ii'itmrtcit 

on NnwInii'M wnrii I «rniili'iili'il inytii*!l' willi lilnliii!' I'l'iirmlly 
i)iii imlijnct iiiivU.i'r nf liin |m|inni on viiriomi iniliji'i'l:!, I mill 
Imt'M II vnry tn'inl' nlivl.iinii>u(- of llm I'onlrnln nl' llii> ilitlinmit. 
linoIcH liu pt'iidiicnil, UiKiiin lliniii in I Imii- nnli'r nf |iiililin(ti<iii, 
'I'lii'Hi' iiro Urn Priurtfiia, |ml>li>iin'<l in 111’'/; i|ii< O/itlm (with 
ji|i|i(mtli(H'H on v.ultiff tuiri'ni, llm ifitiultuifuiu- u/ i miT/’.'i, nnil llm 
inuflind fi/'y/wximf#), in IVOI ; I lie I'nlwi'iuil At'Uh 

vmi/iV), inililitiliml in 1707 ; llm hr/iow-H |iiiliiiii|n>>l in 

17-51; tlin ;l/*7/ni»/w.i )nilili;«lii'i| in IVilil; anil llm 

nliin |ailiriiilini in I'lllii. 

Ilnt'nl’ii ilniini-iliin}{ (dm miliji'nl-nialti'i' ni’ (Im f'llurijiiit i|. 
will lid (iniivniiiont- In initkn u fnw vrniiti'Im nn Dm I'nnn In 
wliidli iL wtiH im^iiniitnii uml whinh M'limnily liimlmi'il tim 
iininniliiild uilnptinn nf lim Nnwlnnidii pliilmuipliy. Nut unly 
aV(! iJiii priini'it thmuKlnmli llm wm-k tp'iinmli'ii'iil, Iml nn 
diun in f'ivi'ii an In Urn iimllincl ky wliii-li Nnwlmi iiirivnl ul, 
tilmiM, imkI Umrn ni-n iin illunt.i'ivl.inim nr nvplanatimni. 'i‘im 
(lillimiltids inlmi'nnli In Himli ilniuniuilialinnii iiii' i^nallv im 
di'daimi) by klm n.\l>i'nnio (inuoiiinncnn of Nmvtun'n lanpua!.'i<, nml 
(dm niiiiHHinii of innimi’tMiit itlnpii in t)m ui>;n»M'nl wliinli In 
niinldiH nf nrdiimry iilnlil.y imt liy no niriinn nltvinnn, WImn 
midli linlliiinl, i^nonmtridiiuiH mt (JimmnI, nml l.npinnj'n (who 
hud Urn uid of Urn iidiiuruliln ilnHiiil' doninmniuridii of ri'd'd nml 
1712 in whidh mouli of 1,1m pvnolH wmo nniplilh'd nnd illiin 
ti'ukdd) uHsnrl, iJiitb to I’oIIow iJm rduunniiii^ I'diiiiiii'ii I'uimmi' 
tviildd unil dontiniioiiH nilorl. it inivy ho imuj'iimd Imw dilllmilt 
(jliii wni'lc iinmt Inivo tUTiimd to Nnwlon'ti l■onlnnlpnnll•il•H, 

Tlin I'diismi why it wim iirdHoiUdd in ii /'.•nmi'lridul l‘nini 
upjidivi’H to liuvo Ihudi ilitit Urn lliiximnil raldulun wuh nukmiwn 
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to inoKt of Nowkon’h contomporarios, ivncl had ho iisod it to 
(lomonHU’alo vohuUh wliioJi ^Yol•o in themselves opposed to the 
priwidoiit jihiloaopliy of the time the controvoray would have 
Ili'Ht turiieil on tliu validity of the methotla Tiaod, Newton 
tliovoforo oi\Rt the wlt(»lo voasoning into a gcomotvical shape 
wliioli, if Homowhat longer, can at any rate bo mado in- 
tolligililo to all nmUnmiabical stmlonts and of which tho 
imitliods ai’o above Huapieien. So closely did he follow tho linos 
of (li’eelc gooiuotry that ho conatJinUy used graphical mobhocls 
and i'(iiiv<menbed all the nmgnitudes considoiHjd (bo they forcos, 
velimitieH, or tiiiwH) in the Kiiolidoan way by straight linos, 
('.g. Imolc I., seotioii 1., lemma 10, and not hy a certain niTinbev 
eC uiiitH. 'I'lie latter and modern inntliod had boon intvodncod 
hy WiiIUh, and iiiust liave Imon familiar to Nowton. Tho ofl’oot 
el’ Ilia eoulUung himself rigoi’ouely to classical gcoinotvy and 
(demeuLavy algehra, and his rclumvl to make any use oven of 
analylieivl gjieinetry and of trlgonoinotry, is that tho Princiiiiti 
is wi'itl.eu in a tanguage wliioh is archaic (oven if not ui.v- 
raiiiiliar) to ns. 

'i'lm lulopLioii of gomnotrionl methods in tho Prinaijna for 
pni’iiosiiH el' deinoiistmtiou does not indicate n proforonco on 
N«»\vten'H part hir g«iom<itry over analysis as an insbrnmont 
Ilf researeh, for there is no doubt that Nowtou used tho Iluxional 
ealeiiluH in the llvsti iuHtance in iinding some of tho thoeroms 
en|ieeially these towards tho oml of book i. and in book ii. ; 
and ill fact one of the most important uses of that calculus 
is stateil in beolt ii., lemma % Ihit it is only just to remark 
lhat at tlu' time of its piihlication and for nearly a century 
afterwards the dilterential niid fluxioual oaloulus worn nob fully 
developeil and dhl not lumsoss tho aamo supm'iority over tho 
Newteiiiau metlmd whioh they do nowj and it is a nuittor for 
aHleiiiHlimeiit that wlum Newton did employ tho culonUis ho 
was ahle lo vise it to ho good an oAbot. This translation of nu- 
Mier.nis tlmermns ef grtiat complexity into tho language of the 
geometry of Avehimedes ami Apollonius is I suppose among tho 
moHt wonderful intellectual foats over performed. 
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'l'li(i wiiH puMiiihi'il in lUH'i', mi inlr<i. 

(luiilioii nil ilyiiiviiiint, il. In iliviilnil inln IhkpIvu, iIm' liinl, 

Ilf whidh (Inaia wil.li iiioiinii in fri'i» i.jinn', iIh' ni'i'nnil with 
mill, inn in a rnHintin^' iiii'iliuiiii anil iln< lliiril witli ii|i]ili<'iitiniiii 
tn (i)iii Kniiii' Hyiilnnu ll> nniM’liiilni with ii |'■‘n■'l'nl iiohnliiiiii. 

I 'I’liii wlniln in iiromnlinl liy n inorm'i’ in wlii.'li Ni-wImii imyii 
I (Jmli liin nhjcoi. in in apply itiitlJn<nniti<';i tn tin' plii'niniit'nii tif 
I iiaiiin'. Aiiinii}' IIm'ho p]ii<n<ina*iiu ninliun in <in>> nl* iIim ninnt. 
iiiipni'innt'. Now iiinliim in tin* nlVfi'l. of Imi’i', nnil I ll■ln)'h ho 
(InoH n<il> know whal In tin* nalitro nr nii;'in nf fnri'o, util] 
ninny nl: i(n ('il'ootn nun ho inntniiroil ; inn) ii >» Ihi no (Imi I'onn 
thn Huli'ninl-iiuvitnr of ilm work. 

Tlin work lio^inn l-liorol'nni nulnuilly with on inltoihiolioti 
on (lyiiiiniicH or llio iioionro of motinn. 'I'liin I'oininoinoH 
wllli ni;i;lilr lioliniiiniiH of varioun loriiia iinoli an nia i'i, luo 
iiiontuin, kiso. Nowioii ihoii Inya down ilirio lawn of ntolion 
wliioli avo innapahio of okio<(. proof, hni aro oonlirinn) pai ily 
liy (liritdk oxporinn*ii(a, partly hy tiio a;p’i'oniont with oli’ii'i'Vii' 
linn of Iho (latliiniiona from iJioiii. hVoia ilio^ni hii iloiliinm 
Hix fiiiiiliiiiimital priiinipirn of inoi'lianifn, him) inliin an ap 
punilix on tho nioUon of falliiifc lioiiir;i, proji'ililo >, ii:ii'ih 
lakioiiH, impuoi, ami iho muinal aiiraoiioan of two lioilidn, 
'i'lin iiiohI. iinporkiiiit. ih’ihioiioa in llnti ol’ i)io paiallo)M;.'iiiai 
nl' vnlonilii'K, luuiolaruiinna, ami forri’a, 'rim following' in a 
hrini: luidoinii of Urn Nnwioniaa moihoil of iri'iilin;.; ilyiaioiii ii. 

Tim llrni law aHHoriN ihai ovary hmly will rontimm in iirihtalo 
of rohl or of luiifonn niol-inn in u iiii'ai;'lil lino o\n<|ii im far an 
ill ia nompolli'il in iihanijn il, hy aonm I’Xinrnal fillin'. lit>iii‘o 
Urn iloiiniliiiai of forco aa any rumio whirh altimi or toiahi to 
iiUor Urn Htato of riiat or inolimi of a lunly, hhuia lliin law alno 
ia ilorivdd Urn nniltind of onin|MU-inK tlilforoul, liamn, for if no 
foroii (ioIh on a body it will movn nnirorndy, lliai i-., will pavi 
ovov dipial HpimuH In i(<|nai iiiima; now Mm rartli in a rolatiiiK 
body, and approxinmloly iionxlorual fonm Idmlorn tin* rotation ; 
Imimo iHptiil tiim’H urn tliuHn in wldoh 1,1m larth tiirna tlirotij,{li 
(Stiual lUigk'H. Again ihn law awnrln ilmta liody in iimri or pan. 
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Hivo, iind (loos not itself tend to alter its motion; if therefore 
a holly (loos nob inovo with uniform velocity soine force must 
liavo acted having a component in the direction of motion; this 
component is said to overcome tho inertia of the body, and 
l)y tho second law it is measured by the change of momentum 
produced per unit of time. Lastly if a body does not move 
in a straight lino some force must have acted which has a 
component perpendicular to tho direction of motion ; this 
<!om[ionent is said bo overcome tho centrifugal force of tho 
body, and it is shewn later that it is measured by twico the 
produot of the Icinebio onovgyand the curvature : i.o. hymv^/p. 

'riie second law assorts Unit change of momentum (per 
unit of time) is proportional to tlio impressed force, and takes 
place in the dirootion of tho forco. ITonco if at tho time t a 
liody of iiiass «i is moving with a velocity v under tho action 

of a force then -y- («tu) cc F. It is usual to ohooso the 

units so that (thu) = Tho same fact is sometimes ox- 

presseil liy saying that tho total change of momentum pro- 
dueled is eipial to tlui impulso which produces it and is in tho 

sumo direction; that is [wv] = J«, whoro both sides of tho 

eiiuation are taken hobweou corresponding limits. This law 
thoreforu onuhlcs us to mciumro forces. Hi also enables us 
to comparo miwscs; for example if two bodies of masses 
and he at vest and if oipinl forces ho applied to thorn 
for eipiiil times thou the total inomoutum produced must bo 
the same in each case; if tho velocity at tho oml of tlio timo 
i,„ V in biio mass and in tho mass thou 
ami tlievoforo m, : This would however bo a 

trouidimoino expenmonb to malco and it is unnecessary, tor 
Newton showed hy pondnlum oxiHuiinouts (book iii., prop. 0) 
that at any given placo tho weight of a body was proportional 
to its masH. and themfovo tho ratio of two masses is tho same 
as tlin ratio of bhoir weights. T?rom this law Newton do- 
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aucud Uiu iHinilhilogrum of vol.Hiith^H iiiul llu' luivnll.dn^nvui <>1 

E()VU(!H. , . 'If. 

Tlu) lii’Hl. ivu«l miKomi lawH* givo till Hmt »» rniuiiiM Im 
Holving any (|iioHtiini on tlui iiioU.m ol' u iiiniu-.li* iiiiiUn' Ilia 
uoLinii oE I'ivnn lorciOH. 

Niiwtou’H lihinl law KUpjilioH Uio pniuiiiili' nu|iiiivil im- IIk' 

Holution ol' prnl.loniH in whioli two of mom pai lialnn inlhi.mrn 

ono anoLlmv. It- nHm>fU» that tim aolm)n of mm hnily mi .m- 
otliof Imily in mpml in nia«mtiulo Imt, oj.ponilo m ilnvotmn 

to tim foailion of tin. non I Un\y on Um liml- Nosvim. 

two waya of ini,nfpfol.inK thin law. l-lmm ia i i.i ol.v.mia 

mouniuK Uiat millon ami mucUon am mpm! luiil o|.piinH-i'. 
Lookod at an iiaHa of llio Humn pimnmimnon, mtlmf tim imtmn 

ov iTaotion ia wluit Ih now .mll.al a alm»a; a 1‘mvo m 

ouu aapoot of a Hlfima. A aiuKlo fon-o ia Imwovor unknown 
to viH, Idv wluvnovof a fonto in oamuHl anotla-f lapml anil n|»|io- 
Hito ouo in also l.vouj'kt int*» I'.Kiatoimo, tlmu^h it may imt upon 
a tlillofunt limly, ami It may in any pai-tionlar pfoliloni Im 
unmuHiHHaiy for uh tn omiHiilof it. Tim aoomnl inU'fpfotaUon 
glvon liy Nowton Ih that in maoliinoH tlm rain at wliioli an 
Hgont tUioM work (that m Uh mition) iw nioal to tlm rato at 


• Till! followinjs mWiUonal ilnHaillonit «va mil iiivi'ii in 

Nowton. 1ml an I nhall Imvo lo iiho Urn Imimt I mM tlmm Irnm. A I'mi'o 
iHHiiia Ui lid workwhi'ii it <.vom.mim nmloliimu', l.i'. wlmii ilm iKulymi 

wliioli ll iiola >»'>voii in Urn I' tlm I't.nm: Mm wmli il'm" m 

iiioiimmiil liy Umprmhmtof Um«VMr«n« fmw ov.uoonm ami llo' .Imlui.m. 
Lluuiiah wliiolt it i.* ovomnim. Km-my la .-I' -loim! wnili. i|"'l 

oximii.imnMilmwH Hull it in ol' two Uimti, mimol.v, iioli nlinl uml Immlk 
I’oloiitiiil iniorny l'» tlm iiowor of «loin|{ work wIiloli u Imily Im" m 
(lOiiHmiuimm of ilii pimllloii with roforonoo lo oHo-i' I'oiH’ m " U" 
flonlllUimti'm; “-It “ oollocl apiiiiK. ll io im-iimuml li.V Hi" wmk wliifli 
iiuiHt III! ilimo fioiu Hoiim oliimlavil |imiilioii to |iiil tlm ln'ily In Imit 
lioHltion. Kiimtm oiiorisy iti Hio powor of iloioa wml-. wliloli a liml.v limi 
in (lonm'ilimimo'of Uh niolion; o.k. a ojonma Imll in moit.Ti. U hi 
mcamni'd hy tlm work whloli cmii Im pjol mil of itti niniii-n li. loio it hi 
rodnncd to Hoiim HliiiMliinl aiHulilion (mmjill.v n'lativi> u-"!) i.". if tlm 
velocity lie only tmnHlalinn»l hy wlii'n- la i" Un mim", ami r U« 
velocity of liinmlivUoUi 
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whiuli work Ih (Ujuo aj^iviusb it (that is its reaction) provided 
(,liat wo in tlio reaction tho rate at wliicli kinetic 

iiiior^'y is prodneod. Ah a pai'ticular caHo of the law tlio 
“iiitormil InrooK of inortia” {i.o. tho forces which resist accolorii- 
lion) nnist lK^ o(|Uiil and ()p))osito to tho actions by which the 
iiodoloi'ivtion is prodniaid. This was first explicitly stated by 
d'Almiibort in 17'13 {see p. 353) and in known as his priiiciplo. 

11: tliiH Hocoud infcnrprotjition had boon oxtonded to include 
WJirk done by or against molooular forces, wliioli of course 
N(uvton (lid not intend, it would have lunm tMiuivaUnit to the 
ntatoniimt tlmi. tho work dono hy an agent on a system is 
enuivahmt to tho ineroaHO of kiuotio mwirgy tlio increase 
oi! poLoutial oinn'gyj whmli is tlio principle of tlio conservation 
of onoi’gy. Tho ovidonco for tho indosOruotibility of energy 
is ono 111' till! groat uoiiiovoniontH of modoni pliysies, jnst as 
dm ovidoimo for the iiidoHtruotibiUty of matter is eiio of the 
groat uoliiovomoiibH (*f modern chemistry. As far as^ W(j 
oiiu toll iwi'ry thing* in tho phy-sicivl world can \n) olaasillod 
nillmi' as onorgy or as matter : within tho limits of expovionco 
both matter and mmrgy arc indestruotiblo, but whilcj tlio 
foriimr is iimrt or passivo tho latter is only known to us 
III ooiiuectioii with matter and in tho act of changing fiom 
mm form to another. In Kowton’s time it was believed that 

both could ho destroyed. _ « i r 

Tim llrsti book of blm rriiwipia in on the inotmn of bodies 

in IVoo space, ami is divided into fourfcocii soctions. 

'rim Jlruf, HMlim lioiiHistH of olovou preliminary lemmas 
treiitod by tint nmtimd of prime and ultimate ratios, and not 

by tbatofimlivisiblcH. .pit, 

'I’lm mwnd metioii. eommoncoa by Hhownig that if a body 
(such mi a i.liiimt) revolve in an orbit Hubjoot to a force toiiding 
to a lixcd point (such ms tho mui), the aims swept out by radii 
drawn from the body to tho point aw in one plane and are 


■ n, iH urrhiips worth notina that time is a ^ 

arhainte of pesiLiim, Ac.; Imt onow is a Hung, ami hko othoi tlnug 

ill lioughL and scW. 
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ll,„ a»)«H 1.0 imiliovtioiml t.. tho tin.oH IJ... loivc .m llio 

t,„ay um»t 1,0 clirootoit to tl.o point. Nowton Horn olimvo ion , 

tlm ovWl iH known n.nl tl.o o.,nU'0 of H.o I...W "I 

f„,,.o o,.n 1.0 ,l..tov,..ln..,l i n.nl !«' lin.ln tl.o low loo ....vo.nl on™».. 

1,11 thd tUfil ho applioM bh(w«i pri.imiol,omn lo ii hud) 

wliidh .1 c(«u«5 tilxmt ti iumn, iiuil prov«*!» Ilia 

Uuv,u unxHl vary invui-Holy i.h tl.o '*1 

and tluili K.oplor*H third law would ii.-aniisanly l.o tnio ol 
muili a HyKtoio. iUmwvmdy l.o pn.voM t.liat il a Imdy w.un 
nroinotod ill any way and Huhjoot to a li.voo wl.ioh van.'d 
aoooi-diii« U) IhiH law tium it niuat lui.v.i in a amiui aiuillon 
havirii' tho o.mtrn of tho loroo in tho IV.oiia, llo cimohHloa 
(nroii. 17 , aoi-H. 3 and - 1 ) with a proKunut annKonl.ion an to how 
tho uilootH of diaturhiiiK loraoH hIioiiIiI iio i-ahndiitod i t-liiH wan 
(li-Hb doiui hy tho hrilllaut invontiKationa of I ,aplaoo and laiHranms 
and Itaiilaao miya (Mcc. vM. huolc xv., oluip. i.) ihat iBUKranKOH 
iiiilioi’ la tho Ihirlin moumii-H for l 7 Hd on wliloli tho nindoni 
tvoatnifliit of tho Huhjoot in round.-d wua HOKKiaitod hy llamo 


voniuvhH of Nowton. . 

Tho/(>ur//fc mxXjifih aro dovoLod to tlio gooinolry nl 

.■(.llio HDOtioiiH, oHiaioiidly U. tlio oonalruation of ooiiioM vvidoli 
HiitiHfy IWo lamditioim. Tim goo.uotry in thro.iKhont oMr.mmly 
inanniouH Imt voi-y coimiHo. In wmtion lour ono of Mio iron- 
ditioim ia tlait tho fooim ia Kivon ; thia inolinloii Urn prolilom nl 
liiidin^ tlm patlk of a ooiimb IVom l-liivo ohiiorvatiom. wliioli 
.Nowton tiayn ho found tlm mimt dilliimlt pinhlnin nl any wliinli^ 
ho laid to Holvo: mirioualy oimuKh Im j^nvn a nminnd nnlullmi o) 
tliia prolilom in hoolc in. prop. -11 wl.ioh Im roonummii'lod an iimro 
aimplo hut wliioh ia iiuipplhiahlo in immliiio. 

Tho Hxxlh Hdol'mi iu dovolod to ilol/onuininx wliat at any 
givon Liiiio in tho volooity and what hi tlio pimitioii of a body 
wliinh ia tlimonl.iiig ii. Kivou couio alnail a ooiitro of all raotjnii 
in a focuH! togoth.ir with vurioiw .amvoioo p.niiloimi. Tn i.lloot 
thin Nowton Imd to liiul tho ar»?a of a Huolor of a onnio. TliiH 
iH imHily dono for tho pumhohi. Ho tlmn j.roooi-dH to “on- 
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tlKavouv 1.0 lUiniouBlii'nto” fchnfc oxn*t qimdi'fttuvo of any oloBod 
(iviil (nu’vo liiwiiif,' no infinito branolioa (huoU as tho oUipao) ia 
Tliis proof iw not coi-roob fis it stands, and Nowtou 
HiHiiiia liiinHolf to liftvu Eolt hihuo doubt about insorting it though 
lit) l.olioviid tho roHiilb to bo truo#. An exact quadrature being 
impoHnihlo lin proeoeda to give tlii-co waj's, two avithinotioal 
uud dim gdomotridiil, of upin*oxiuMiting to tho aootorial area of 
nil ollipHi) iiH ohiHoly as itt dosiml. 

'I’lm H(\wnth HMlion ia givou up to blio disoTission of motion 
ill a Htniight lino under a fovuo wliidi varioH invovsoly fls the 
Hiiuavd of tho distanod, and its coinpftviKon with motion in a 
.,.;„m uudor Llm saim, foim Ho oouoUuloa by giving a gmnoval 
Holulidu I’ov all bluj probleniH ooimidorod in thin sootion for any 
law of fiu'do. nh hero thitormimiH geoinotrioiilly what in nqiu- 

viilont 111 llnding the mtngrul <)f 10 (aid 

Tim I'.it/klh mHlon eontalna gonoral Holntions of tlio vavions 
nrtihlmiiH liitlmrto eonmdoixid for any orbit and any contra! 
f.inm wlmlovdv, MMm ronHoning is ingonious and comot but 
nxtnmmly oomphix. In propomtion 40 lio statos that tho 

binoLid mmrgy aeMuived hy a l-ody in fine 

,„„„,hi,r point is ciqual to tho total work done by the foico 

hotwmm thosii two points. ,i.„ 

lu llm ninth. he disoussoH tho case whom tiio mbit 

in in iimliiiu in ils own plane round tho contro of force, am 
liTulH ill dniail of tlie motion of tho apse-hno, and tli 
by whicli a given motion would Im produced. 
upplidd IhiH mimoiiing to tho case of tho moon, hut tho 
vdiilLing mnlion of tho apaim only oamo out about ono half of 
tl,,, K„uml Tl... „,.i..-..xi™alio.. m fnol ''“l- 

1,1 II wiHlouniUy liiRl. ""I"!-- Nowton wiih iiwani of IHo 

„( H,„ Ldo it lM.d Imig )»»" (»o» "'S- “ 

and ..ditinn, § 08) tl.at ll.n nolud.un, m ll.o H,st 

,„it ilmt 11 in iidl Iran for ovals of tho form y*"'- a) I 

wlii-m »i and n iito pohUIvo imoKem. 
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.alltuni to l.nolc ill. ilfi lli.U. i.o lu..l I’n.nul U.o 

(Kpliiimtion. Nowhon* in Uio /ViiHw'/mt .lo.m lio h.nvnv.o- ^I'o 
any lunt lui to liow l\m wuh .lud tho tnm ..xplanatiou 

„l' a .lillon'mio whinh Inul lnii« loi'iiu*'! »'» olmtiniln t.. (1 m> 
univorHiil aiuioptanno of tin* Nowtoiiiiin nyntoin win. lirul. f^ivon 
liy Olainuit in 1758. 

'I'lio roi'timioutli now in tlio poMiii'iiinon nl tlm 

univ.iiHity of IJ.imiinilKO, noniiun Nowtnn'i. ol•i^rinlll w..i'k, i.ii.l 
kIiow tin'll, ho Imil olitainoil tin? tnm viiluo hy .M-rrytiiK H'o 

approxiii.iition to a Hiillioioiitly lilf?!. onh'r. It ulm. .•I.nu- 

fi'inii tliniio papoi-rt Unit Nowloii k.ivo tl.o norollnry im n morn 
itlimtriiUmi of tlio inotiou of tlio a|«H'!i in nrhiln wliioh iii.' n.'iirly 
tm'(iul.u'uu.l .Ihl not moan it to npiily to tho moon, l.ut l.y nn 
iniulv.ii'tonco ho mhloil in tho iwnoinl lunl tliinl o.litionn u rnfor. 
oinio to it «H an authority h.v a iVHult oonii.Hitn.l with tho ninnii 
wliirh wouhl natuniUy iloooivn any vcinh-r, Nowtmi loft niont 
o£ tho i'ovinlou of tho mioonil ciHtion to (IntoH ii.nil it In pro- 
hiihio tlmt tho luiahiko m iluo tt.ii liluinlonir tho oililor. ^ Ollnu' 
lunar and phuiotary liToKuliiritioH nro alno iIIhouhhiuI in tliin 
proposition, Imk tlio oxtromo oonoinonotw of Nowlon nilnloil all 
tho oarly ooinmonhiUmi. ami ovon hapliioo in his oarlior work 
(.r tlio Sydiiim dn vimdn puhliiihod in I7ihi upoakn of Nowton 
ns haviiif' only rouj'hly HhoLnlual out thin part of tho mihjimt, 
halving' it to ho ooinploUsl wlion tho oiihmlna nhoiihl iio riirthm’ 
porfootiid: lint in tho limt voluiuo of Ida /I/rVano/a.i rtVr>,i/.i piili. 
lishoil ill IH‘J5 ho siiya that on moro ourol’iil nmdin;' ho hat. no 
luisitiitioii in ro^ardin/^ it an amoii^j tho most proi’onml parla ot 
tho work'. 

'I'liii tmf/i. Mi'.liiin is ilovoDtd to tlio oimi.iilonition ol' tlm 
motion of laiilioH aloiif' ^ivoii mnfmioH, hut not in pl.uioti pinittiii}' 
throne'll tho oontro of loroo; with ap.a-iiil rororomro lo tho 
vihration of pondulimiH, and tin. doloniiinalion of th.' a.rolora. 
ling ollont of gravity. In ooimootlnn \ritli tlm latlor j.rohl.nii 
Nowton invostigatoH tho ohiof gonniotrioiil proporlii'a <il o_v 
oloids, opioyolohiH, ami liypnoyoloids; lliin in vory ingmiioiiH 
and tho goomotvy ia Hiniplo. 



I’lIE FllWT ]H)()K OP TUB PIUNfJTlMA 


317 


111 Mio »‘.h‘.mnUi section imi oonnidoml tho proliloins con- 
wil.li miiliimi iu orliitH wluini Uio cisntro n£ fovco in 
(iiiil.in'l)ii(l, or wlioro I.Iko movui;^ iKiily in dintm-lKicl liy otlior 
I'onuis. UuUl iiln; oiilmihw of vavintioiiH wi\« invcintod by Ln- 
j^raiif^d ill 1705 iL wim iin|)OHHibl« to do inoro tluin Hkotcli out 
iliii |iiiiuiiiiltia on wiiioli tho prohlom hIiouIiI bo Holvoil, and 
LiipliKHi ill liin d/fimniYMH nolcHto iii 1825 wiw tho lii'Kt to worlc 
out iiinat uL' tlio i|itoHLionH in any tlotail, iiut ho and Lii^'rango 
outiMidorod tliin fiootioii to ho on tho wliolo tho ino.sb voinarkablo 
piirt of tlio /‘nniuitiut thongli nuuiy of tho Holutioim am only 
oiitliiiod. Nowttm oomnumooH by ooiiHuhifing tho diKturbanco 
|.rodiiood by tlio iimtiiiil notion of two ImmUoh vovolviiig round ouo 
lUiutlior. Mo (rlioii proooodH to ooimidov tho pvoiiloin of throo 
or iiiui'o bodiiw whioh mutunUy nbtvmit omi aiiotlior. lio ilvsb 
iiidvoH tlio i[UOHtion uoinphitoly if tho force of iitbriicbion vavioH 

|,ly nM tlio diiitnuco. 1 to uoxb takoK tho cawo of bliroo bodioH 

iiiuviiig undor thoir iiiutuid attructioua an in iiatuvo. Thia 
jirnbloiii Imu not yot boon rndvod goiiorally, but in Nowton’H 
day it wan boyimd any analyHJH of whicli ho liad t)io oonuimnd : 
ho uoiitrivod liowovor to work out vmigidy tlio oliiof offootH of 
tho (liiiliivbiiig notion of tho nun on tho motion of tho moon 
(liro|i. l'i(i). To thin pvo|MmiUon ho nppoiulod Iwonty-two covul- 
liu’ioa ill whioli ho npiiliod it olonviy, hut with uxtroiuo oon- 
oito-iicaM, lo dotorinino tho motion in hmgitudo, in latitndo, tho 
aiiiitinl oiiuniidii, tho motion of tho njiao lino, niid of tho nodoH, 
tho oviattiiiii, tlio olianKO of imilinnliou, tho procoaHioii of tho 
u.luinnxoa, and tho thiniry of tho tidoa. I'ho greutor part of 
tlio thinl linoU conalnta of tlio uumoricnl application of tliuao 
prinoiph’n to tlin iniHO of tho moon iiud tho oavth, Tmatly 
Nowloii Hhowod how from tho motion of tho nodon tho intorior 
nmatitiiiion of Mm body could ho roughly dotorminud : this 
propimition waa Htnglod out hy I^igranso m tho moat Htviking 
ilhiatraliim of tho goniuH of Nowloii. 

lip to tliiw point Nowtou liad gonorally troatod tho bodica 
witli whiidi lin doidt m If Hmy worn iwrtioloH. Uo now proooodn 
in acflCioH twdvn lo ooimidov tho nttraotioim of Hpliovical maHHos 
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wl.ioh .ir,,oitlu.r nl' uuir«.-m .U»il.y, wl,;.™. ul, nny 

i» a fniialin,, tla^ .liaUliaa i.C U.a '''"in l a. ......I a 

tlK „„7 „f aU.mol.i.,.m aiul .lai.lMitl a.Ul Ha. 

mrtiana al' ..ali.!" "t n.volul.i...,, la.I. Hi, ...a .lana, an, 
i,„«,lal,Ia Wi,.la..,l. Ha. ai.l af tla. ial.a.la.aaail n,la,.lu„, 
tli„ ,N„wt,aii,u> a, I -f Haa.. a, .i„».,ai,lal.'; , 

TIai fimi'lmilh mMm amUM«u^ ,.l aalla. al I '" 

oxi„..-i„a.ul.. in |.l.yai™l 

^aaaa.try al'anna. ,liHianlt la-al.lana, in ,<aa„a.l,m,l " 1 ' a., |ia,- 

U„nla,'ly ,m tla. Im'n. nf nl'l.na.'-a' '.'K ani l,. .'"'’I"- 

Bocomllwolc an.l,a /v;,M',>w i„ .'"naa.na.l "ill. I..V,i>-"- 

,„„„|,„„ioa, and aai.,.„i,.ny "ill. na.lian in ,> .■.'-aalmK ma'I;""'. 

Lt, aln.wa tin. «.....„ alnll n'a' '* H'''''"" 

„a tin. Iii'«t I'anli, I'nl. it 1" "'"'‘'a. "" '',."'l"lly lln.al.a'l . 

an.i tln...Kli it I-’-''''"''"' ""'""■'I"'";'' 

„( llanial li,.l..n...i»i, (ll..i.'....t. .I'Alan.la'.l, I'...'';'', .na l.nl'i'a'" 

,v,iH „i...,>t„d it nf tl... ......... ....,.l.l.n....'l.."l as. .. I,...,... .... 

tlu! llvHt lidoU. No ot.l«or tnmUiH* of llm niuno ,.|mi'U uinKiii^ 

.Ui Lhn r.na of ll.o rMf.ln l.aa .ivnr Lrou pn- 

t.lio HOwmil part Jnay runic inm-nn Mo' half .In/nn numl. 

honUa ynt wriUon. l.ul, it ... not l>Un 1.1., . 

nr„t liook ahHolntoly unicpir. 

'riii.i l.ook »» clivi.lial into nino .irnllo.ii,, iiinl ! rm.lino inym'M 

U, Uio milynol.. Ua-i-oin Mvalnl. 'I’l.r ..minm nt 

iKKliiin ill a .mtiUmn wlioro lh« iWn.tum-n viin.-.. ,lnv<iM,N ,m llin 
V(,l(i,dt.y in ronici'lorocl i.i tl." A’’"'' M’l.n inulin.. 

tlni ri.HiHl;a?U!o viirnm «h tlin nipiaro ol’ llo' vnlniiily i'. ,h.ui,uiu.i,l 

in tl.n nvclion. 'I’ho luoliou wlinro ll.o 

oxproHwul UH Llin Hum ol' two Imn.tH, im.i of nv1..,'1i v.m,-., .... t l.n 
vulor.ity an.l Um otln’i* «« tl'» '''’''‘''"y. 

willi ill tin. f/imZ HMlitni. 

T\w Jmrl/t Kticlum ia clavot.iil to Hpiral in.'lio.i »” a vr>‘U.( i..K 

modi«i.v Tl." /!/■"* t" t>“’ '""tl"" <’'■ I"""'”'"""* 't ‘■'■"ii'H'iK 
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mcilium. Tlio sixth to tho theory of hydrostatics. The seventh 
to liyilrodynaiiucH, iind GS|)eoially to the motion of pi’ojectiles in 
ail', 'i’ho eighth to the theory of Avaves, iuohuling the principles 
fnmi which tlie chief nifoc.to of the wave hypothesis in light are 
calculated, and to acoustics. 

In tlui ninth Nowton disousscs the Cartesian theory 

of vorticcis {see p. 2dG). Ho begins by shewing tliat if there 
were no internal IVictiou tlio motion would be impossible. Ho 
must therefore assume some law of friction, and as a working 
liypotlnwis he supposes that “the rcsintanco arising from want 
of lubricity in the parts of a lluid is, actcris parilms, pro- 
[lortionid to the velocity with which the parts of the dnid aro 
Hoparated from each ether.” This hypothesis, as ho liimsolf 
remarlcH, is prohahly not altogothor correct, Imt ho thinks that 
it will give a general idea of the motion. Ho tlion proves that 
on this liypethesis tlio motion would bo unstable. Ho must 
tiioritfoni Huppose that some constraining force prevents this 
catustniphe, and ho tlxm shows that in that case Kepler's third 
law could not be true. Jaistly he shews by indeiiondent reason- 
ing that the liypetllesis must load to i-osults wliicli aro iuoon- 
Hihlieiit wilh Kepler's otlicr two laws, and that both the vortices 
and tlu! lueLioii of the jdancts would noccssarily be unstable, 
(.li'oal elVei'ts W(n’e imulein Franco by John Boruouilli, Huygens, 
Ih'i'rault, Vilhniiot, MolliorcB, (lamnchos and others to modify 
the Cartesiim liypotliosis so ns to avoid tlieso conclusious, but 
tliey could never explain one plMmoinoium witbout introducing 
IVi'hIi dillleuilies. It may bo tiikou that by 1700 the Ouvtesiau 
tlieory was (iiially alHimloned. 

The third book is lioaded On the. nyslem of the world and is 
ohielly (sincenuid with the application of the results of tlio lir.st 
book to the solar system. It is introduced by the ‘'rules of 
pliileauplii/.iiig,” namely (i) wo may onlyas.suine us the possiblo 
ciiuses el’ pbenomena such causcH us if admitUHl would exiilain 
tbem and are also r.e.nv. atUHW, a vern eaum being one which 
is capable of detection and suoh that its connection with 
the plumomeiiou can bo ultimately shown by indopondonO 
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oviilriiiio; (il) nf it liiiiiiliu' l.iiul niu .i Iium' 

niiiw'n; (iii) wltuh'Vpr nl' iii.> rtitiii>l hy 

jirl'icili'i' til In* luvurlaMi' nlinilltl usiHinin it t“ In' i n in 

will'll' ilircut. ••xiMTiiiiimhi fHiiiiiil lii* mini'' ’I In’ I Ii i i 'liviili'd 

illlii livi' lU’i'linmi wlili'lt nil’ ii'filM i (i\»'ly mi Hir rfui I'-.i iif |||n 
Hyiitdiii nf l)m wol'Ili, oil (III* liiniii' "n <Im' li'l' , xu |}|i< 

lU'ci'CHhiidii lit' 1,1)0 t'i)iiimixi':<, itml oii nimi't i. 

Nrwlmi t'oliiuioiinvi l>y illuiitiii(ih,!( llio unit or iilil y i>l' llin 
liiw III' ('iitvititlioii. iilul n)i<'li'lii-:i mif itio piim ipli i uliii h lonil 
llilil III tliink tlmt ll)o i:olnr nviilohi in m•l••-■''•^l ily i.tnl.!.'; In- in‘\|, 
(li'lt'i'Uiilica ()io limHii III' till! iiiiNiti, fill' ma'i I nl’ llo’ |i|ii)ii'l'i 
mill tlii'ii' ili'tliii)i'i’>i i'rmii ih« iiuii. i'Ari>|it rm ilm mii' i 'it ilm 
IIKliiIl* 111' ll|i|il'oxilllilloil lo llio ir.ililf’t onvv liiinwii oilli until 
iiiHliiii)' nloiiom’iiii, llo tlioii i-ohiiiiloiii rlio ll\>< iliii r irn'tin 
liirll ion ill (till orKil- oi llio moon. Iln liiiflim' Imw llio 

I'loini'ttlii oi It ooniol. oiiii III' ilolKmiinnl iiy lliion nli orviilliiiin, 
mill Itiii i-i-Kitllii to M'voiiil ooim<i'i: )ll•|'>l|l• Ihin linio it. 

Imil lionit Iioliovoil timl ooinolu hml milliiiij^ in iln willi t)io nnliti' 
nVHloiii. 

I'li'illy (lin ill I'oni'liiiloil liy n I'mioiu) oi'linliiiiii 

imiiiiiiiiiii;n'''lii'*'l't'*)»> *><> ot' Mio iiiiivi'ini', mn) 

nil "(lio ntoi'iiiil, l.lin iiilinilo, iiinl ])oi|\'i-t lii iint" tiv wltom il in 
t'ovi'nioil. 

'I'lio ('luiif iillonilimiH in llm i.i'ooimI oitilinn pnMi ilii il in 

171ii woi’n Mil' »iili!il.il,iirioM III' !ii)n]ili'i' innor'i I'm' mu t' llio 

])vu]iiiiiilinim ill llm MiiroMil iiootion ni llio llv.t Imn!. ; m mm" I'till 
mill iioiiurulM i>ivi"iM;'(ilion (rMunilnl mi mumo t')i’"ii i \]>i-Miiionl-i 
iimili! Iiy Niiwtiiii iilumt, tim yom’ It’illii) nl' tin- I'l li'il'iiioo nl' 
IIiiIiIh in Mm imvonlli iinnlinn nf tho iii'omul Imuli, unit iIumhI 
lUtiini ill' It ilnliiilod oxitiniiuilioii of llm iuiim >1 nf llio [ik . o;»iimi 
nf llm oiininoKti'i iiml llm llmory of ootnot’i in llm tldi.I 1 

Tim I'liiof ullumtioitii in tlm tliiiil oiliiinn |.iitili',}io4 lit I7:ii; 

' III llm UtHl I'lllliiHi lin i!!iUiiiitli->l (|iMi]i, 117] (Iml llt» niti<« of ilio 
iiiiiHH Ilf tlm nmon to thiil of Ihii t'liiili wtoi u)i|'i<>.«iiiMiii ly iloii i-l 1 i '.tii, 
In tint Hoiiiiiiil milt lliint iHlUintiH Uiin wmi uUinil in tt t.nin v.liii<li I'l 

nwivly lliftl of 1 { 'ill. 
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woro in tlio scliolhiin on fluxions; and the addition of a now 
KulH)li\iin on tUo motion of tlio moon’s nodes (book iii, prop. 53). 
A list of tlioso is given in Appendix, No. xxx. to the second 
vohniu! of Tb’owHter’s lifo of Newton. 


The Option was published in ITOl, and contains ii stato- 
iiKuit of Newton’s theory of physical optics. It is divided into 
tln'<i() books, il’lio lirst two woro written in 1075 and 1677, 
and the chief results in them (except tho last proposition) aro 
taken from tlie ))ii])erR published in tho PhilosopUiml Transac- 
iinm ftir 1075. 'I'he third hook and the last proposition of 
the second hook are founded on tho jmpor hi the rhilonophiccd 
Tvunmotimn foj’ 10H7 (see ]>. 201), and aro mainly devoted to 
a detailed consideration of diffraction. Tho 8id)joct of matho- 
mathial pliyHi(!s is outside tho HC4)po of this work and I have 
nothing to add t(» what I have stated above as bo tho general 
idea of the hypobliosiH advocated hy Newton. 

T<i tins book w<ire a)»pondod two minor works, wliicb liavo 
no spooiul eoiineiitiou willi optics; ono on curves of tho third 
degnai, and tlui obiter <»n the <(uadraturo of curves. Both of 
tliese were ohl iuanuHcri[)ts whioli liad long boon familiar to 
bis IVicnds and jnipils, but they were hero published urbi et 
iii'bi for the lirst time. I will lake tlioin in the above order. 

Tlieni is nothing to iudicato exactly at wlint Liiiio Newton 
wri)Le tlm iwisay entitled On cjirocn of tho third degree^ but aomo 
ttf it was pi'oliably compimod lafforo 1076 as ho alhules to oubio 
enrves in his lotLer Ui Lcubiiitz which is dated Oct. 21 of that 
year. Tlii' object of tho paper wauus to ho to illustrate tho use 
of analytieal geometry, ami as tho application to conics was 
well known Nnwtoii schuitod tho theory of cubics. 

11.0 begins witli Homo gononil theoroins, and classifies 
curves a(s;ordiiig as to whothor thoir c<piations aro alge- 
liraieal or transoemhmhil : tho former hoing cut by a straight 
liim in a inimber of points (real or imaginary) equal to tlio 
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tlcj^i'co Ilf till' inirvn: tlii< lutli'r cuf liv u |ji„, j„ 

Ull ilililiitn iiiniiWiT nl' Nnwlon iIumi n t hut iiiuiiv nl' 

l.liii iiiiiHl iiniiiii laiil |iro|iiii-li<-’i mC i Kni.' > )i)oi> (lu ir luiftlni'in - 1 
ill I'lin lilinuynl I'liliii'ii; ul llii'i h«< luiiin tllii iiiHliuhii. 

11(1 IK'Xl. ill 111 ili-.i'iii.ii Uln lIn iH V i.f ii .uii|if.<lr , ii|„l 

(iiirvilitii'iir iliiniifti'iii lo I’lii-vni ui' imv ili';<i.->v 

AKur ltn'!H> tln'Mi'i’iiiii 111* fiiijiiiii'iii'i' > lii'i 

(iMiiiiiimliim Ilf l•nl>i.ll| l.y |Mii»iih|f .,ut Huti n . ul.i, mtiui Imvi' 

III. li'ii.'d. (HIM mil iinvm|.luUi* ilii-iriiiMi. (f ili,* nir. 

ri'M|ntniliiif' III lliiii ilin-i'iinii jn ul u ilnii.. ili.,h,ii..' ii lUiH' In* 
liilcnn fill' llif iixiiM.f »/. ’niiii Iisyiiijii.ii.* ivill , iji ilm • m vi> in 
lIllTl! JlllilllH Hlh)|»«‘ll||*r. of wlltl-ll ul li'llil fivii mr Hi illlillilv, 
If lilll lllil'll |ll>itll. ill III. 11 lillilu lliul.-IIU-i* lliiiti (liy n|i(< 111' hill 

j'lmi'i'itl tln'iiromu on iiiiyni|ilo|..!i) iimiioii ,;in In. ivi'iiiuii 

in tlin liii'in 

:i>»/ I A// li.r.' I fn^ I iM* I ,f 

whni'o llin iixiw of .»r mnt // mu t.liu u.iyniidoiivi of ih.. )iv pi.i luila 
whidh ill tlu- loinin of |)io luiilillo |H.iiii.n of nil t lior.ln ilrmvii 
immlltil in Urn iixiii of Wliilu if ilm i.|,ii,| i„ ^vhirli 

tliiH iiKytii|il<itn nnlu tiio uurvu in nlno iil, inllnil.v ilm i'>(iiuiioii 
oim III! writti'ii in tlm fonu 

i»;,V n.i:' I Aai* i u.i5 i i/, 

Wnxi, lin (iiluiH i .||0 imnn wliuvii Uin i i';,|n.iMliii;^ 

In Uin rnul »Hym|>loUi? ilimifiim hi i,oi. m. u liniiu .liniiuicu. 
■A. linn jiiu'iillul to it niiiy hu luUun i,., i),,, 

Hiuili litiii will itiit tlin nimi in Muvu |ioinin ul(uf^..||u.r. of 
wliinli (1110 in by )iyi>oMii.um iit inllnity, uml umu in nrn.-.um ily 
ivt Ji lijiild (li»Uui(.o. tin tliun uliuwu llinl, if ihu i uiuiuiiiiiK 
lioink in wliioli UiIh linu nnln Urn onn-u in nt u tinii.. illi.iniiiHi 
llin oiiimLum wui Imi writtwi in tho form 

?/* 1 /m!" I- r.i? »- (/. 

Wliilo it it irt lit mi inilnU« ilmimmn tlm I’liimlion i<iui h.. 
wntton ill tho fonu 

y i «{e" i*/w)* hcjM*!/'. 

Any ouliio in tliw-ofm-o raluoihlo ut imo of fmn- t^lmino- 
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tui'intio foi'iuK, Each of tlujso fonna ia Uiou discussed in detail, 
and tliii poasihility of the oxiatoiico of douiilo points, isolated 
ovals, ite. is tlioroughly worked out. Tho final result is that 
thori) are in all seventy-two posaiblo forma wluch a cubic may 
take. 'J’o these Htivling* in hia Linem on^ims Nm- 

l.oifiiiuii'. puhlisluid i)i 1717 added four; and Cmmeri’ and 
Muviloeh:!; in tlui (Unmia citrvanijn per umbras published in 
J'lieli adiled one; thus making in all aovouty-eight spooies. 

I n tlie eeui'Ho of tho anidyaia Nowtoii atakis tho roiuarkablo 
tlieoriini that in the same way aa bho cmiics may bo considered 
as Llie HluidtnvH of a oirede (i.o. piano hccUoub of a cono cu a 
eii'cular base) so nil mihica may bo eoiisidorod as tho shadows of 
the uurvea represented l)y tho equation -i/^ ss aa!' bx‘ + av + d. 
It was thli'ty years belbi*o any mathematician suecoedod in 
pinviug this. It waa livst olfocted by Olaivaut in 1731, but 
tlu' best prt)of is tliak <luo to Murdoch wlmso work is moii- 
thmetl ill the lust iiaragmph. Hia analysis depeiulK on tho 
eiiiHsiliration of theso curvos into (Ivo spocios according iia to 
wlielher Llio points of Intersection with tlm nxis of w aro real 
and unequal, i-eal and two of tliom equal (two cases), real and 
all equal, or finally two imaginary and one real. 

Tho micond appendix to tho Opiics was onbiblod On the 
(jnadmlun'. of (uivwm. Moat of it had been ooinmnnicatod to 

" Jnmt'H Ktirlinn was born in HH)h and died in 1770. UosiiloH liia 
I'lninnmiliny on Newtim’s oiibio om-vos which wan iniblishnd in 1717, 

hi) wreli) Die miiiulw dipmUhiUs Homo, 17H0. Tho latter work 

is ilivhhul into two puilH; ono on Iho mimmaUou of BorioH of oortain 
fonns, and the etlier on mollMids of interpolation. 

i tUthrld (Immp.v, horn ut (ionova in 170-1 and died at Ba^nols in 
17fia, was prefoimor at ( Ionova. Ho udited the works of .Tohn Bornouilli : 
lie iiliie wrele on alK'ih'sk ourvos, on oiomcnlavy dotormiimuts (17fi0), 
and on ilui pliyHicid eausii »f the spheroidal shape of tho planets and the 
inolien of their apses (i7H0). , „ 

:|; I'lilriali Uunhwh, horn In bondon about 1715 and died there in 
1771, wnile sevornl inoinoirs (most of which woro publishod in tho Piiil. 
Trans.) on points in asti-onomy, optics, and tvlgonoinotvy. 

' m O 
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Hiu-rnw in uuil whh |iniliiihly fajuiliHV l-i Ni'wlimV |iu]<ilii 

aiul fiii'iidii I'roiti iihcmt UJdV irnwHidii, It l•l>nlli)it!i ul Iwn 
plU'lH. 

'I'h(' Imllc of Ural' I'uvl Imd iiii'lo<l«'il in ili" li'tl«'r 
Ul LoilniiU of Oal. IM, H**!', «•»! •« h alfilrnn’iii of Nrwtoii'ii 
nuilliinl of llm «|im(lmtiiro ini<l nTtill. iilioii of .nii v.':i 

liy iiiiiiniH of itithilU* lioi'ii'M »« ili'MiMiln''! hIh»s i’, I liiu |hii'I cuu 
tuinH tlio ('iti‘llt'!;t. UHo lUornl imlloon, uiiil llo' I'riiiti'il 
HtiiU'iuoiil. of dll' Siiiioiiiiiil llii’ori'iii : mi- Imwov. r intro 

(luiioil iiH'iiii'iiliiUy. iiiiilii oliji'i’l' oj I 111 I |ioi l ill lo M'"’ 

I’uli'ii fot' (luviilo|»|ii}{ II ruMi’( ioli of -0 ill a H‘ vi*"! in oni’rioliiif^ 
|io\vorH of :if; HO HH to I'lialili' mill lu'iiiatifiiiiMi lu I'lliTi tlm 
((iimlnil-oni of imy mivvo in wliiiOi tin* onlinuli' // ran Im< o\ 
[H'lmm'il m> an i*.\|»lirit fnimdon of llio aloirlmia .r. \\ iillia lia<l 

hIuiwii how (Ilia niiinlialiin' ^•o^^l^l lio liinml win n if wmi 
(IK a HUiti of a immlirr of |M.\vi'ia of n* (an' ).. ■r!hi'), anil Niovlon 
hdl'ij nxti'iiilii lliia Uy atiowinii how any fiinrtlon ran Im oN' 
pl'ciuuiil iHi uti iictiiiiti' Horiivi in llnil. way. I aliou)>l ailil tliiii. 
Nnwtoii in {^onnrally nn'ofiil In i.liilo wlu'llmr tlio (loiion am 
ooiiviivf'mil. In (.liia way IiiM'lli'rla Iho unailiatnio of tho rni'Vi'ii 
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lm(; Iho 1'1‘HiilUt am of aoiinui I'siiri'iiai'tl aa intlniti' m'lir i, 

llo ihi'ii iiroiH'i’ila In itiirvivi \vlio:io nniiiiato i i I'ivi-n loi an 
lin])lli'i(j fiinoijon of Uio ulia«iaiia: iiml lii< a niolloul liy 

wliiith 1 / rail ho nx|a’i»i><nil aa an inlinito (a>iM'ii in aa<'i<ii<tiiif{ 
|iowoi'a of a', lmi> (Im M|iiilini(ioit of tlm nilo to any oiirvo 
iloiiiaiiilii ill I'ononil lamli roiiiplicati’il inina riral I'ati'iihilioiui aa 
to miuhw it of litUa vahio. 

111! iiuiKiludcH liiiii iHii'l. hy almwiiiK that Iho mctitiriilion 
of II lairvo ran iia tiiliiniod in a iioiimwhat oiniiluv way. Ilia 
pntcoHK Ih i'(iaivaliiiil. tn ninliiiK Um inU’;^ral willi |o a' 

'['ho Kooonil part ul' Uiin work Ik a Hlaloiiiont of Nowioii'a 
Iheory oJ Jlu'ximH uad jliimtH wiLli jummvotia oxinnph'a. 
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Wililioul, fallowing Nowton’s ordov very closoly the following 
{h tho Hul)Ht(inuo of luH nxpoHition. 

'I’lui idoii nf a flnxion, aa Uh iiaims inclicatos, ia dei’ived from 
timli of motion. Newton statna that all gcoinetricul magnitudes 
limy l)(i ooimoivecl aa gonoi-atiwl hy continuous motion : thus a 
lino may ho conHldorod as gonoratod hy the motion of a point, 
a Hiivfivmi hy tlnit of a lino, a solid by that of a surface, &o. ; 
ami tins vehxsity of the moving magnitudo is defined as the 
liiixion of tho nmgniUido generated. 

h'urther, if we conceive a point as moving along a curve 
which is r(sfen‘(s(l to coordinate axes thou tho volooity of tho 
moving iioinfc can his nssolvcd into two volocitios, one parallel 
to llic axis of tins other to that of yj these velocities are 
called Ihfs fluxioim of «; and y rcspeotivcly, just as tho velocity 
of tins point ia called tins iluxiou of tho arc. Kovorsing the 
proccKH tins are ia callml tlio fiuont of tho volooity with which 
it is ilcaui'ibisd, the abaciKaa ia tlio lluont of tho oomponent 
vcloiiiiy parallel to <h, <feo. 

Nowhsn next nsnmrka that if tho volooity of a point do- 
iici'iliing a isurvis ho l■(^gar(lo(^ ua conatant, thou tho ratio of the 
Ihixioim of the uhaciHaa and ordinate of any point on it will 
dopond only on the nature of tho curve. Oouvorsoly tho equor 
tiiin of the curve can ho iletisriuimsd from tho relation which 
cxisitH at oacsli inativnt lastwiasn tho lluxiona of tho coordinates 
of a jioint ilcHcnhing it. '.riio ruloa to aolvo tlm first part of 
the pi'ohlisni form tho “nusthod of lluxiona”; and those to 
nolvo tho wsoond and convisi'ae part form tho “ hivorao method 
of Ihixiona,” 

I to further (shaesrvea that not only do tho coordinates of a 
point on a eiirvjs eluingts, hub also tlie subfcangent, normal, 
rndins of curvature, »te. j all tlnsKo quautitioH accordingly have 
IluxioiiH, whose ratifjK am detormimid by tho motion of tho 
piiint, and conversely these (luantitiiis may themsolvcs be re- 
ganlod as Ihients. Hiinilar iHsmarks ajiply to areas and surfaces. 

Nowhm liowev<sr jminta out tliat though ho has defined 
tlmmi iiiiignitudos as if tlnsy w(sro functions of the time he 
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(Idi'H null (H»nnMi'i‘ llm iiinr an ni'i-r'Mjiiily i jiii iinj' itiin hin 

pi'oliloiiix, iia it' i» HiinSi’lriil- tn llml imm' ni' ihr pinpH i'<) 

()\nin(.iliU‘» t'l \vUI«*li lli«* ulliom in'o it iiu i i n i". • niiiilily, 

Tllia (lUiltll'iliV i>v lltlfiil ntuy ta* nlinM'ii ut lui'l in n litil. 

\V(' luiw ai'f' (n i-itll (h«' iiulf|ii’iiili’ut vaiiiililiv 

Untui'iiili}' In t.lm liin'niul ni' >■! {ltisiii]i!i 

Ninvlmi oil III iiiiv llml. il invnlv*‘i ilni i- i-n-n 
will'll tlio {{ivi'li I*t|llutinii nr niiiiHlioii I'ltiilniiin llii' lliisioii'i 
111 ' l.wii i(niiii(itii'>i iiinl nnlv nim of ilioir l|iii-n('i. 'I'Ih' iiiiii|ilr •!. 
lUnl lilivit riiliiiiioli i'liiii' nf ihia 4ilii<:!> in tvliitl in nmv Linnvii 
iiH inl'i'i'ralinit uii<( ai'hii'!i when ilic llnvioit (wlo-n- lliti'iii. 
ia ri'iiuii'cd) in diri'nlly ;*lvoii. In Ni'wjou'fi linto tliin wiui 
\IHUlllly tlil'IiU'il I'ltn liM'lllml 111* i|Mii<ll'iilllt'< I'ol' il in I III' 
Hitina nil I'll!' proMi'iii ol' llintiii)' llm itrc-it nl' a I'tiiMo (i<iiii’M 
tlin iliixinu III' an ar^'ii wlii'ii llio aliai’iina in inli'ii im flin 
|il'iniii)ial lluintl. la llni nidinnto). 'I'hi' I'lnu'i in wIm'Ii liin 

l^lvdli (iijUuiloii iiivnlvra Ixilli lln* tlin'iil'i uti>i llii' tin iolin, 

Tliia |iri)li|i'in iti ihori'roro lln* iiiuiu' let llto Milntiou ol' a 
llill'drautiiil i'(|Uitlinii ; l.liia wan wimt Nowlnii tMlInl iIh' invr|i<i« 
iiKitluiil ni’ (iinKniil!!, Thn Mir*/ almi'i in wlii'ii llo' j'ivi'ii l■•^«mlillu 
iiivolvi'H till' llumila anil I In* lln\inii>< ni' llu'i i' or iiioh’ i(itiiiit ilim. 
'I’liia jii'dlilnni in iJii'i'i'fni'n cln* hhiiii' an flml. of llio iiolniimi ol'a 
{lurlial (lillordulial n|uiilinn. Nnwlnn Milvn i im |i>iil>li'iii.'i ol' (liia 
oluna anil 1 |inimnnn limy wnin lii'Vnud hi't jniwoi ii of mmlvai i, 
'I'lii'iid am {.Im riihdunmidal iii'itmiiilci o| Id'i imi iIioiI. I|. 
now I'niiiaiun In di'iiitrllHi llm iml.alinn lii> ininidni’i d, If any 
4itaid.ilit'ii (I’l'i^iirdi'd na llimii(a) Im i'i<]iri'Hi<nlt'd liy loiloiii, iiiii'li 

an Hi, 7 /, llm. tim nurrcajmiulinf' lluxinini mi' ii'iiu tonloil l.y 
W, //, iti!, A^aill, if I/, ?, An. Im ii’^iudod inl Viuiultli' or 
lluniil iiuaiiUllnH, Umir Ituxiniiaiui' H’jiri».i'ii1«'i| hy .i; >/, V, .I'l', ; 
and imi llm llnxlonn of |.|m iluxtonH nf la, .</, ilo,. ilnd in limy 
avn tlm m'linnd llnxiniia of a*, c, iVr, Similarly wo nmy 
Imvd IlnxioiiN of llm Uiird or luHlmr mili-rn. If 1.110 of ilm 
UnanliluiH, (Il lor hiHl.iiiU!o, Im tukon hh llm " }ii iiti’i|ial lluxion" 
i.n. HO iiH Id vary du'nutly' iik llm liiim limn i!: ia a I'onHlaiil, mid 
conHiaiuniitly i); •(). 
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Noxli, [«, y, s, &o. may bo rogaixled as thomselvcB tho Iluxions 
of othoi* qiiantitifiH called their fluents. Those fluents ai’e iii some 
jilaceH ro])i'(iK(inl()d by Newton by w', j/, z\ &o., in othei’ places 
by [a!], I2/I, [a], Ac.j from them again wo may got their fluents, 
i,e. the Hcoond fluoutH of tho original quantities; and so on. 

'.I'lie inilnitoly Hiiuill iMirta by which tho variables iucronso in 
im indeihutoly Hinall time ai*o called by Nowton tho “moments” 
of the lliunitH. If tho timo bo tlio indopondont variabh} so 
that an inlinitely wnaU portion of timo or moment is denoted 
by 0, then tho momontHor infinitely small incromonts of a;, y, tbc., 
are riiproHontiul by wo, yo, «to. ; thus if x, y, Ac., denote tho value 
of th<j lluonts at any instant, their values at tho end of an 
indeCmitdIy Hinall interval of timo m*o ropresontod by x + xo, 
y \‘ yo, Ao. 

'I’liiH, iiH Newton observes, furniahos a ready method of 
drawing tho tangent at any point on a curve, and it is in fact 
eiluivaleni to Harrow's motliod already considered. He adds 
tho important remark that thus wo may in any problem nogleot 
Lho toriiui inultiplied by the second and higher jiowors of 0, and 
wo can always lind an oipiabion between tho coordinates x, y 
of a jKiiiit on a curve and tlioir Iluxions w, if. It is an applica- 
tion of (his principlo winch constitutes one of tlio chief values 
of tlio cidmiluH, li’or if wo desire to find tho eU'oet produced 
by Hovoj'id caiiHOH on a system, then if wo can find tho cfToct 
produced by cacli cause when noting alouo in n very small time, 
tho lotivl olVcct produced in that timo will bo equal to tho sum 
of tho Hoparato I'll'cctH: but I do not think that Nowton. 
riiali/cd tliiw fact. 

Huoh wiiH tho moLhod of lliixioim and fluents as devised by 
Nowton in bis carliost papers. It is intorosting as being tho 
form that tho inlinitmimal calculus first took, and Newton’s 
treatmont of it is very similar to that which is now usual. 
A groat deal of confusion has boon caused by tho English 
writers in the eightcmith oeiituvy who tried to alter tho 
nomenclature, oidling tho infimtesimal iuoromont a fluxion and 
denoting it by w. 
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’I'lli'l'i' i(» 111! iu-ri»'<i'«u Inr liU' Im liU ii»\ . ^mjIi i»ii\ i niijit, 

Ilf Ncwinii’il ilJUtlinitii.n I.f llnsii.ihi rnil-l. m «'liif||v 

■ >ii wilirli ui't' ill llui! Alnif hI'iIii'ih 

ilii lint (lilli-r hi Jirhii‘i|.l.' lii.< . , vJii. ), m,, i., 

1 ) 11111(1 ill llliy lUllill'l'It liiHf ImMiK , 

I 111' IMiliitiiiM III IIh* llllHIi'iixi r.ii< iiIki. I I |.>| Mi.i i j.iii juni'F, 
l«‘!oi tioiivi'iiifiil. Until Uml i.r til.' ihM'.'i. iiti.J . i!, iihi,; ’I'l,,, 
liitlcr iviiti hivfiiiril l.v l..■il.||ll,^ !i l,i |.m,, i„ i,;., 

llllh'•Illlll|^>| iin rtiily iiii I llV.'i, iiinl n.-«-iii.i in Iti i l. tf i i In Ni w (tin 

in lU'ii. It. xvii'i ]iiil>tiiilii«| ill liiNj, Ihif il>.> .|ii, \v}i.ij||i.|- 

111 *' iili-n nl* ili« iilii'i i'v|>i< K cl III i||.|i iiMiaiii.n wn-i 

)ililiiilii')| liy |.i«U.iiI|a ti'uiii Ni-ulnii (.1 nil. ill, I if n.n mvi'nli'il 
illlii'lii'inlcillly j'livi* ii!:i< lu It lfi»|; iiittl l.ilf.-i I Hciiln.v i i . 

Tlii’ii' ill uti N.cutMh lie ,l fill. „i..Ui.,.|„ 

lluxiniiii IIH t-iu'ly *111 Hif.t!, mill fhxl nu i.l' ir svu'i i'ii)il 

limiiii'jiti'il ill liiiiiiii)it'i'i|i| In liirii.l-, itml IVhIii innt iil'li'r 

KUlll, l.u(, iKt tlinim|.iioii ,.r ii ,„Ui,.v U„»h nl„.( 

Hflllll'ml ll'nlii Ihf /Vl;i.-|/.m) U,i-t [Mllil. || till |r.‘.i:i c.niiiK iiiitK 
Vtiln lifter Itnil.iiil/n Ki'n.iii.l ..J lii., .||||,>, . ni ini tm.i 

Ihihu [mliliulHfil. Ui,l,.,|., Iliuivf,„„ „ |„, 

*!Mtfiltli.i||i-(hi^niM,.|, 1,1, in.-fihtinly ..miil.cl t., il„,,nnlit 

“I ItiivitiM Imi1i'1ii.|i.|.'ii(Iv iMV..|ii.il it. n„.i j,. ,.,1. h h r Die 
l'n'riutii|.l-i.m iiniHt, I..* in iKv.mr ..t l.|,. f.,,...! |tt,i\.,ni 

imMy l.«'ilpiiii/;HHM.M| fiiiih i„ ti,„ j , 

Hi.' ImiHi im, very hnelly U,..,.. h, |,-il.nit. -.viute 

“‘j. '‘'‘•■'‘.VHI.M... review of Nmvtn,.'., ha.I. i.in.llnt M... h. 

nliU'li III) miuii) iloiiiit i-niMiultu 1.11 Newt. .11*, I m.iili...| l..r nliirl, 
It IH lultiiilcfr.l Mii.j-*. WIW IIII iiHlIturily .-i jir.tilj. . hihI 

tiiuiiiWiLiillimMiiiUm^^^^^ ,i„j’ N,.,,;,.,,, I, , 1.1 

I'll" iil<'a 1.1 fliixliuHiI mlmiliiH IV..111 him. Tlii.. ..n iew, wl.i. l, n,,.. 
«iim.rl,Iy,ilt,nlmlea f,i pvHlnl i...liMmt 

^ ‘I"' 1 ‘’"‘ ..r till' wIm.Im .(i.„. Till 

tim limn Uin Kl.v(..*,n.*iU, tif (.vlhujl, U.m i,,, 

"iilcnhiH later tlmii Nnwhm hut, iii.li-iiHuli.iiUv )i...l hr,.u j,...,... 

■I y fuiieiiteil witluiut (),, ....w U,Uhi i„t.. 

iimttiH- movu (ihmrly U.iH anuht,.!, ami it, l?im .f„h„ 
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Koill, (iho Saviliiui pi'oiosHor at Oxford (Loi’ii at Edinburgh in 
l(i7l and died at Oxford in 1721), publicly accused Leibnitz 
of having (hu’ived the fundamontal ideas of his cnloulns from 
jiaporH by Newton which had been communicated to him 
tlirongh (JolliiiH and Oldonlmvg, and having only changed the 
noliition and the muno*. After an acrimonious controversy 
I.eibnitz appealed to tho Iloyal Society to coiniiol Keill to 
wililidraw the aeeuaation, Newton now investigated tlio matter 
liiniselC, 'Dlau'e is no doubt that ho was convinced that tho 
tiliai’ge was trimj and on April fi, 1711, ho made a speech to 
tliu Htuiiety giving a oomploto history of the adair. A letter 
IVoni Kdil! datial May 24, writtisi to lasibuitz by order of tho 
mieiely, is an abstract of it. Leibnitz in his reply on Doc. 20, 
1711, asheil tho society to ndjndioatn tho matter; and a enm- 
mitUm was iiccevdingly iij)pointed to go into it. Tlioy roportod 
on April 2'l, 1712, and deended that Koill’s clmrgo was sub- 
sUnitiatisd. 'Dliis report is known as tlio Commercium JUpislo- 
/ii\v,M\ an analysis <)f it drawn up by Newton was published 
in tlie ininsacLieus (>f tho society in 171fi. Leibnitz was not 
l‘epi’<'wmted befonj tho committeo, and they had no opportunity 
of heaving any «'xp1umition ho could have ofibredt it will 
tlnnidbre be safer to put their doelsiou ontiroly on one side, 
and treat it as mi ex, jmrlG statement of Nowton’s case. Tho 
(Umviereinm EpUUylimm has been critically examined by do 
Morgjin in the ('ompunion to the, Almaiinch and tho Philo- 
Hnphuuil Maijudno for and by JJiot and Lofort in an 

(ulition ef it which was })nl)liHhed in Paris in 1806. Thoso 
writers agree in saying tliat it shows a marked bias in favour 

* Ah a iimtlev of I'liol u similar olmi-fio aRainst Leibnitz lind boon 
lauili) a lew .yeiirn cnrlisv, in UHKJ, by Ibiillior (KWl — 17011). I*oibnitz at 
i.iioii diiitloa llu) tiiitli t»f U in IiiH journal, tlio ermlitoriun, for May, 
1700; imil 111) ciloil Newlmi’H romarlis in the VrincipUi hh practioally 
iiibiiUlinu Hint limy liiid discovored the oalouhw inileiienclontly, though 
Hill miliiiliiini in <|ueiUton imrdly HficnuH to bear Huh intiirinolation. Tho 
cdUnVH viiriuti'il to pubJiith Duillliir’H reply in wbich ho Irlotl to subBtan- 
liute liiH odHii; lull Dullllor was a purHon of little imporlanoo, ami liifl 
HliilaiiuinlH did not iixuito JimoU atlontiou at tho Umo they wore made. 
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Tlio (Iciatli of lioilmitK in 1716 only put n tompomry stop to 
tlio conti'ovorsy wliiolt wiis Irittorly dobatod fov many years 
later. 'I'lie question doponda on cironmatantinl ovidonco of 
wliat tOi>k place iiioni than two hundred years ago, and it is 
now linrdly feiisilile to deinonatmfco the fcnith or falsity of tbo 
oliiirgi'. It is however hnposHililo to defend Loibsiite’s conduct 
ill the coiiliroversy : his duplicity, his alteiution of two of 
Beriimiilli’a letters ivnil interpolations in them, his anonymous 
and unjust attacks on bis ojipononta, liia reckless obarges of 
bad faitb .against Newton whieli ho did nob attempt to sub- 
fitantiate, and his constant tiAortn to import otbor matters 
into the <iontroverHy, do not aUbot bho primary question at 
issue, but they do KOriously weaken bia case wbiob is almost 
entirely based en bbe presumption of his honour in blie 
matter, 

If we turn to tbo evide.nce itaelf ib will bo noticed that the 
case against Ijeilinit'/. ri«tH ehielly on tbo fact that when ho 
came to l-oiulon in 1<>7:1 and 1676 bo bad only recently begun 
to Lui’ii Ids alteiition t«» reaeareh in niabbomatica. lie admitted 
in a private letter to (Jouti written aliorbly bofore bis death 
that flollius luul in 1670 abown him some of the Nowton 
{■orrespimdence, but h«pli««l tliat ib was of little or no value. 
Now seeing that be diKOUssod the question of analysis by 
iiilinit(^ series witli Collins and Oldonlmrg liobh in 1673 
and in 1676, it is tl priori probable that they would luivo 
shewn 1dm the mamiseript of Newton on that subject (which 
foriuH the traet on i|mulmtnre nltiniattily published in 170‘1:), 
a i!opy of wliiiili was pessosseil by one or Imth of bhcmi and of 
wbieli the results were well known in London at tbo time. 
Again l.eibnilz nsjeived Newton’s letter <»f 1076, and it would 
lie stvnuge if lui bad not availed himself of the source of in- 
binnutiou there diselosed (if only to soe whether the method 
was dillerent from bis i>wn) nnless ho was already aware of 
the results, l^astly the letter to Newton in 1077 shows that 
beibidtz was then in possesKion of bho difTerontial method, 
ami apparently in as (tomploUi a fonu as that in winch ho 
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^iiililiHliKtl il. in hiMi: now ilir-il in l(is;[ luul illili<ii 

ill KIMI, MU ilmf- (In* liy «>| IiIm 

(litioiiviM'icx wiiii iiiiintMiiiili'iy rtlii'i' (li<> ili'uih i>t' ()■<’ oulv hvn 
williMit‘li '11 >vli<» Know till) wliitlo li'nlii, Stidi ix (In' nini' Ii^iiiiinl 
Ll'iliiiil/. 'I'lin tin- liim vi'iils <'n(ii<'lv <>n |||«< imi iiiiii]<liMii 
Ilf liiii litiiiniii', i(im 1 iM iMlniii'iiMy nlutcl liv Hinf mill 

hnr iiiynnil I Ihiiiii llml in 4 ’i>)ri' >|iiiiii|i<iiri) iViiin 17(111 
III 171(1 ilitt lioncMliy In* IumI iii\<'ii{>'i| ilio 

Hiiliji'nl. iiii{«*|imuh‘iilly ««f N»'\v| 4 tn ; hui hn wim. wtiMii;.' iVnin 

Itli'liliiiy Ilf wluii liiul lii'ill'H Inily yi'tiiii Mini I 

sus|iiiMl. (lull, lilt' of Ni-\v(i>ii wliit'h {xlvMli’ly 

mliiiitliHl lliiilr (»< nuw in 1 (»V (1 limy htivn lii'oii tti rn in 1 iT/ll, uiul 

vvi'i’ii iui' iiiorn llll|•lM'(lMll lliiiii lin ImIim' iiiili'i'il In ii 

liiiiii n| liiii iiliilil.y 11 |«'w Itinix wniiM liiivi' liini (Imultii' 
llow In ii|iiii'niin|i ||ii> lni wmj |}|iin nl l(U')uii}', Al’li'l’ 

(ill llin ([lU'ulinii ill nin> m| iiinl nvury iiiii> iiin I'ntiii 

I'nv Mimiisnlvi'u dm o|iininn w)iii-!i nn ilm v\|im]i' iiim'iuti In lin 
lllnn(, [trnlmlili*. Thn iimKnr Mi-niijitnii u jilm'n in |)in itiulnry 
nl lliullliiniltl.iril wlllcli III ijujln •liHjn'n|in|'{i<inMl>' (•! ilfi tl'lti* 
1ui|invlu)i('0. 

Ill Wm nillHi. nmliiin niiiiii'lvim In nim uy.ih'in nf iinlMljnii 
tliim llimn iwi Im nil ilmil.l. dm(. fimt wlu.'h wmu Invi.nl.-il l»y 
liuilitiil./ iu lii'Uor Hill'll Im* innst n|‘ din |iHi’jti>iii<'i in wliirli dm 

inllnili'Hitiiiil nilinilini in uiiplmil dmn Itiiil nl' Ilnvimm, Mini 
fni' uiinm (huiiIi iih dm (‘iilnnlim nf viiiiuliniiu) if it. iinti'i'it 
iiIiiiohI. i>HHi»ndul, li Nlmulil Imwovni’ Im ii'iimnilmind ihuL iil 
Uin lii'Miiiiiiiifi Ilf dm fi^lilimudi rrnlmy dm iimilinilu nf (Im 
iiirnii(,i!Hiniiil irnlmiluH Imil imf. Iiihmi Hyuti’iimli/i'il, mid rillmr 


* 'Tiiliii ViiUhiM, wIioHii iiiuim HO rri'mii'iilly in ilili lu.iiit.iM'rnv. 
wuM liMin iiniv Osf.ml on Mindi R, |«ar. |„ i,.ii,l.,n .m Knv. 111. 

UlH.I. lIinviiH II niim of Kmit imlmnl ul.illl.v iml. nf mIMIiI . dii. ulii.ii j 
lloillH ilj'yoli'il (n \M nil liU hi-iur liiii.i in n.,,. -m.miiiI. 

omro wtlli tlin l.'BiUiiK iiliali«nmtii<iiiim nf llm Hum. f.M- wlo.m Im wii« 
rthviiyH ivnily to iln niiylhinK In W** |inww. 'ro him wo m,. imhOitn.! fm- 
imuih InfmumUmi on llio .UiinilH of iho iMHmvH'ii.H i.f il... ,.m in.l, Him 
.IdKiuul H .1/ „u„ uf II, ^rvrulfnith rtuUmj, ynd 

oilillon with lulitllioiiK by du Mortiiin, Oxfoul, Iwiiy, 
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iioliitioii wiiH ((rjvially good. Tlio dovolopmcut of tlmt calculus 
wim tho iimin work of tlio innthomatioiaiis of the first half of tlio 
i'ight{!()iitli (loutury. 'L'ho application of it by Eulov, Lagrange, 
and to the prijici])]o» of moohauicH laid down in the 

Princijiiii. wuH the groat aoliiovoinent of tho last Imlf of that 
(lOuLiiry, anil finally doinonstvatod tho miijoriority of tho dilTor- 
onlial to tlio Ihi.vlonal (jalculus. Tho translation of tho Prin- 
viphi into Ihii laiiguago of nnidorn analysis and tho filling in of 
ilinsii di'tailH of tho Newtonian theory by tho aid of that 
antilynin was oirontod hy Laplaoo. 

'I'lin ooutrovorsy with Loibnitvi was rogardod in England ns 
an altiniipt by foroignm’H to dolVuud Nowtou of the orodit of 
his iuvonlion, and tlio ipiuHtion was ooniplioatod on both sides 
liy iialiimal Ji'ulonHioH. It was tlioind’oro natural thoiigli it was 
unrnvtiinato tlial. tlm gooinotrioal and Huxional inothocls as used 
hy Nowtim worn alono studied and employed at Cainbridgo. 
't'lie o<inHi!i(iioiieo was that in spite of tho brilliant band of 
selinlars I'oriiind by Newton tho iuiprovomont of tho niothod 
of unalyiim svus alioost wholly oireeted on tho uontinontj and 
it was not until about IB20 that under tlio influence of 
Ihilihiigo, l*eueoi‘lf, aiul Tlorsoliol (soe p. lOB) the valuo of 
llie dUl’eri'iitial eulenUis was recognized at Oanibvidge, and 
Uialr Newlon'a comitrynion again took any large slmre in 
the (levolopniont of pliysieal astronomy, 

'I'ho rimiaining mathematical works of Newton are the 
Ihihrmi/ Arllhiitrde, tho J^mHohoh ojdicw, the Afolhotlus 
illjlhmifinliii, and the Amth/Ueal tjeomdry. 

'l’ho Uulvn'ml AvUhvivth'. is a copy of a ninmisci-ipt which 
had lieim written nliout 1001) ur 1070, and had continued to 
eirmilato in tho nniveinity in iiiiioh the saino way as tho 
niuiieroiiH niatheinatical inanuHcripts containing matter which 
has not yet got iiuiorjmrided into text-books ilo at tho iiresont 
Lime, WhiHlon* who Hueeee<led N»»wton in tho Luoaslan chair 

• ll'j/laim laan in LoicustcrHluro on Hoc. II, 11107, eilucatuil 

at Clavo Celli'ia', Oamltriiluo, of whloh uooioty ho was a follow, ivud died 
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nXllurlt'il u lioiiii'wltiil rxlii. ttiil i.i imi , ii..u It nu Id 

jiiiiil it, mill it wii’i m | ,11','. 

Tliii worli i-iiii(!iitiii !i IiUi'it MMiiJ .'i .*1 ill lUi ,il mill 

l^i'nim’triful 'riu’ iirotili iM'i >ui’ »i.(« i. i(ii> tiiul l||ti 

lUllul imi'l lu-l>(||l’ri<i Im Iiitv ••Sltii|tl"U AMiii1t);.f 

lll'W I lmi>t‘i'til’> nil Vtil'ioil'i |i<i||it I III III:;, l.i I ,iii>i r||.i iIumii' uf 


i'i|iiiitiuitii tliM iiiiji.iii.Mir I. i.uihi u > I.’ 1,1 III ;ii i 1111111 . 

niiiti'ii, Ni'wlon >-\|>|jtiiii-.| iliiti j}„. mIim.i, 

iiin lliii iiiiittiimi 1,1 11 jjivni nil! liiivi. t , luiisiv inni t 

Uf l lli'l'il m «‘ •liir>')Vlil ims. iil.ln iMn. . m,,| ut ,r . ..mii;<|,.| n| 
Imw il liii}i|miii-«| (lull (li.i ..|ii.|tiMii I., uIm.Ii ,i l.il 

iiiiMlil. lumtuii, i.iuin wliii'h ili.i I,.. I „;|j| ,iy i)>ii,,*| ., 11 . ition. 

lie iiunl lln> |irih«-i|>|i' nl' rniiliiinily Ih < ^I'lmu Imu Hui inil 

mill uiii'ijuiil iiHii'i iiiil'Ki iiiiii^^itim V in }•(( ' .mi;; i liiiiu)'li 

('•[iiiility, iiini illitiii mti'il ilii'i t,y loiii t 1 i<mI ■ , m riili i ;(i iiiim ; 
iJu'iiiui lin iilinwi'il (liul iiiiii}*itimy imit'i Mill'll ipr' in ill |iiiirii, 

nth' I i.i iit„| I, |„„i, |„ 

liiiHilivn I'lmtH o| II liilliH'iinil rijim»i,.n, mni In ■l<'(iii Miiiiii ijm 

ui'liriixiiiiiiiM viilui'ii mI' i 1 h> luniM'i i« 1(1 i..,,i:,. ||„ I'lmln r iphium 

(i1iil.ril ihii [)ii!Mi'i>iii kiiMVVii liy )ii>i tmini' |oi' |ii«i|iii|> ilm jiiim 
<»1 tint Mill puwi'iM III till! |-ini|i| lit lilt njMpitiiiM, mill luiil tim 
loiiiHliili.iii i»f ||||. iliimvy oi' iivnimHi iial I'mi. tii.n., ,.f ilm imhIh 

of nil (■(itintiish. 

I’orlmiiH ( 111 * iiin.ii, ilirm.'iii . i.in.iin.-.l m |}i|i 

WMi'k in liin («> Ihnl u niln (miji)*i.i;i.iia in ilmf nf 

Dt'Hcuni'M (or mil inii(.M) |,y wlui-h ilm iiuni).,.| ui|i„.iiiiiiy 
voiiln III III! iti|tiii|.iiiii niji 111* i|i.titriiiiii.p|l, {(,, ki,mv ilmi i)m 
nwilt wliirti h.i wmi iml. uiiivim'ully (vo.*, Imi li.. «,ivi* 

nil |iroii(' mill iliil not. l•^|•lnill wlnil, won* iImi i-v. (.1 flu- 

vu!(-, IliH tli,.,in.m in lu. H.IIown. .Sii,.|.n.,.. i)... 


ill runiiliiii nil Ann. «a, 17.V4, wrnin vv..i)i.. mi nuiip.iimny, lli* 
flOkHliiHNmvliHiK(li.|,iiiy j„ Uh, |,,umh|m, , 

Huccunli'i liim m, tn-„f,.iw„-, |,ia IwxviiHrximllni 1 ,, ivil li.. Inul 

(iHHovldil Hull h« imiiM Hill iiHanrritniiii tin. inv-.l.iiv i.f ih.. ‘I’tiniiv. itn 

ZZnT V in, I wliii 

rASiio, im 
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ol' tlu) ?it]i (|{!grti(5 in doacouding powora of a; (the 

einflVieiciik of n;" lieiiig positivo), jind supposts tlu? n -h 1 fractions 

. u !2 - 1 3 - p + 1 p -i- \ 2 n . 

’ u~ I i ’ ‘ii,~ 2 2’ n~p p T 

lo III) fni'iiied and wntton holow tho corwisponding tovnis of 
the (H|nalii<in, (hen if Ihn Htjiiarn of any tonn whon multiplied 
hy the eoii'i'Hponding fraetion is gniatoi' than tlio product 
of tlie torum on (^aidi side of it put a jilns sign tihovo it; othor- 
wiiui pul. a iiiiuuH sign ahovcj it, ainl put a plus sign ahovo 
Ihe (li-st anil lust tta’ins. Now oonsidov any tavo consooutivo 
t(’i'iiui in the (ii'igiiiid e(piabion, and the two symbols written 
ahiivti tlieni. 'I’hnn wo may have any one of tho four following 
easoM ; (a) the Uu'iuh <tf tho Hamo sign and tlio symbols of tho 
Hiiiiin tiign ] ((■i) the terms of tlio sanio sign and tho symbols of 
nppiiHite signs ; (y) the terms of opposite signs and the symbols 
of ilu' same sign; (ii) tlin terms of opposite signs and the symbols 
of eppusitn signs. 'I'lum it has been shewn that the immbor of 
negative rents will imt exctmd tlie number of oasoH (a), and tho 
numlier of jinsil.ive r(i(*tH will not oxcemd tho numlier of oases (y); 
ami tlinrcl'ere the numlier of imaginary roots is not loss than 
(he iiuinlier ef eases (/■!) and (S). In oblior words the number 
Ilf eliaiigi's of signs In tho row of symbols written above tho 
ei|iiation is an inferior limit to the number of imugiiiary roots, 
Newton liowiivnr uiwevted that ‘‘You may almost knew how 
nmny mots are impimsibhi” by counting tho (ihanges of sign 
in tile series of symbols forinod as uhovo. 'I’liat is to say 
he tlimight tliat in genoral the actual numhor of positivo, 
negative and imaginary rmits oould bo got by tho ride and 
net merely suiierier er infiirior limits to those numbors. But 
tiumgh he knew Unit tho rule was not universal he could 
lull, liud what were tho oxcoptious U) it; this tlioercm was 
sulmetpiently dismissed by (lani])bo)l, Maolaurin, lOulor, and 
ether writers; at lust in IHO-t Prof, aylviisior succoodod in 
]ireving tlie gemiral result (stio tho Phil. U'tuiis. for April, 
IH(M, and tlie Phil. Mui/. for March, 1806). 



'I'nr. hiri-: asm wcumvS nr ni vviun. 




Till' work i*nlillri| (hi intufi/.-iifi hi/ ilijittih' .v. i u „'i pnli 

HhIm'iI ill 1 V [ I it ml ill pijn-lii-nily Mii> j=!iitn' ir. Mi>< ili ii |>.ii i i.l’ tlin 
Li'iiol on i|imiti'a(iii'o tilmvit i.n |.. Jt! | (i j.; (|,uj 

lliin wall iinj(iiiiilly inlfmloil 1.0 un upp.-n.liH i.. K imT lniv,i..u',i 
alj'ohni (ai t' |». tiJ'S). 

Till' o/ifi.-ii’ iiiililiaho.l in IVVH loiv.. I,. ,.ii oln a.lv 

iiii'iitioni'ii on ji. iiml rum.inf. uC llio I. vini. . ..n i;. .'in.-fiiriil 
npl.it'H ili'li\iin-il t(l. ( 'iiiiiliiiili'o in i In- yean, iiniu |(;(;;i i,, idV], 
Tlio I'liii'f fi-aiilla iiro fuitluimal in ilo' jMp.'i., i.iil.Ii.,!,. .| ii, ||„. 
I'lil/iisiijihinif Trunsih'titniH iV.iiii lilVl !■> )ii'/ii, ‘I'ln- iv..ili in 
tliviilt'il iiilii Iw.i liintKii, flu. Iin.i ulii. li , ..ui iin'i r..iii K.n'ilniiN 
anil iJin wi'iaitl liw. TIi.. (Im ...•.■lu.n „|' il„. ,|nila 

wiili llio itfniiii|ioailiMii i.f ntiliir lit'hi l.y n |.ti;,to in I'niiiiii 

t|U 01 H’(' of llin IMit'i|iml r.’fnuii'il.ilify ..l I|j„ ,uya ll,nt 

il', and {.ivt'ii u t'lill iu<i-ioiiii .>)' Iih ‘(’lu- a 

aoiitloii luiiiluioii nil um.init, i.f »lii,-|i in. 

voiil.od foiMlolormiiiiiiK It,.. v.,.-niri.-i,(a ..riliir.'i.ini. 

I'odii'H, 'I’liin ill l.y Miidiiii,; ,i i„v ).aiiii tlinntKli a |<i'i)iio ol' 
ilio iiial.i'i'iul no ilmi. (li.. iim«|.- i.f iiu’idf’iH'u ja riiMiil f.. f li.. 
i'll oima'i^i'ina. : tm ,,l„.vvn tl,ai. if il», modi- t.f flu. pn.,., in' i 

and llio lolal my in .'i iho n'lVoniiv.' indi'S Isi 


am A (i I d) i iiiiiMt A j. 

'I’lio Miird (ii'otioii in ,m r.-rmolii.mi uf |drm.. i.m rai'ra, M<m|. 
tiE tliin itiu'liiin in iluvoloil In n.-ttm,'l,i.’a! ludiifiniui ..f dilli lont 
linililoniM, ninny of wliioli uiv vtny tlijlioiilf. I!.. Iu im linili i),.. 
oondilion iJial. a vay may imnn ihnMipl, „ will, miiiiniiiin 

flovmljoii. 'I'lm f.aiHli Hui'iimi iivaia ,.i' ii.fiuoiinmi nf iinud 

HUi'luim 'I'lio aoniml ItonK' (.mu Ida ||.,-.n v i.f ndi.nm nml 

of tlui I’liliiluns'. 


TIni tnmtontidod wan joildiMlinl in 

IT.Ui (uid (ioii(,amH an imnmini, of Nowli.ii’a loof lu.d i.ri„i,., h..la, 
ion. liii [,vinolt»ln in diia. If//' . «/»{;.') in a t'nio' tion 111' and If 

'vlum (0 iH ,m„„„»mv„|y ,„h ^ 

imi kimvvu aiul .m, l,„ /,,, „ i„ 


,y ■;< + </,« I' r.ij" !. ... 
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am Ik, .Ivawu^ through tho pointa (a., 6,), (a^, h,), ... and tho 
<n‘(liiial.o of tliiH pamhola may bo taken as nn approximation 
t'> till, ordiiiatn of bho oiirvo. TIio degi-oo of tho parabola 
will of (KnivKi, ho ono hm tlian the iminhor of given points. 
N'^wlon iioinl,H nut that in tins way tho area of any curve 
,'tni ho apjiniNiiiiiitoly iletenuiuod. 

Tlio Ainth/liml ijmirntrif was pmljably written as a manu- 
Hoript lor liii, pupila hoUvoim 1(570 ami IfiSO; but it too was 
mil, piihlrihoil till 173(5, Homo years after iSTowton’s death. 
Hesidou a Klnlmimut oflnK mothmls of (puidvature and reoti- 
(ioalinii ami of limliitg Ihixloiw and (luoiits, wliich are similar 
t" tliiiKo puhli„l„'d in tim OptkH in 1704., i,o treats of Iluxional 
(nr ilillorimlial) onuatioim and be eonsidera tlie application 
*'!■ tlio Iluxional ealmdns to geometry. Tim latter part con- 
lainu ruloM foi' determining (bo e(|uatiou of a tangent and 
the imlimi of eiirvaturo at any point tif a curve, the points 
of inlloxioii oil a curve, ami <ilber Kiuiilar prohloins. Ko 
nlm,^ iiivei,lignlei, the ride for Ibiding the maximum and 
iiiiiiiiiiniii vidiii ‘,1 of fiiiietioim of om, variable and obtains 
Mio siiiiio I'eiuill, (111 (ball now in uae. We regard the change 
of iiigti of Mm dill'erenee between two conseoutivo values of 
(lie fiinetioii an tin, true erlterion: but Ids argument is tliat 
will'll a (piiiiility iiiereaaliig Iiuh utlnined its mtixininm it can 
liavi' Mo iurtlior iiiereini'iit j nr wlieii diicii, using it lias attained 
ilii miiiiinniii il. eaii have no iurtlmr docrenmutj eouHeijiumtly 
llio IliixioM muni, 111, I'liiird b, notldng, 

Menidr'!i llnuie woi'lm, extraeta from bis books and summavios 
til (lioiu wore pulilinlieil; but witli these Nowten liimsiilE seems 
(•> have had iioiliiiig to do. 



I<l')IltN’IT/. AN’I) TIIK MA'l 1 li;M.vrin,VN:i tij- rui: I tlisi MAI.!‘ 
nr Till': KininrrNiii i‘i:mi nv, 


•Slvti'I'loN I, Iti’if'iiih titii/ l/ii' 

HlillTKiN iS, '/'/<«) Ilf t'/ WMu/r/AH <•» tK>' lit, 

HllCTinN H. {%i luiifli.il, iiiiith’ iiMti' i>inn uj' (l„ . j'-jAf, < nf/t C iU'Krv, 

I llAVK iiriolly tnuM’.l in llm In-H flmj.iiT ilu- niiiiiin itiitl 

(ixtoiil ol' NnwtouVi ••niihiinilimm Mml. j i, uimlyMn 

IH iiiiwtivi'i- ilm-ivi-tl ilir,..-lly fnmi (In' wml.i* ,.| L.-il.iili.' nii.rUn' 
(ildov Ili'i'iKmilHH; iiiiil il h iniiniUi'iiMl l.i mi ulMirln i llm i'liinin 

in«iiUl i.lcaH iif i(, worn J.y dim.i iV.nn Nrwt..n. nr 

iliKonm-iiil iiuU.{iim.UUv. Tim i,ii»H,..hnUi.miiM. ..r Dm 

yauVH in (hit. l•nnlinm..| n... il„. |ni,(.mi,... 

anil imtiitinii uf Nnwlon : Mmymn ilnm miiimwlial itihtin.'t ('iniu 
t hnn- oniilijimtlul nmiHn|.nrimrH. ,in,i ! hm„ ilmivf..,.. 
tln']ii togoMmr in a Hnol.ion hy Dmmii«*lvnw. 


Uihwilz timl Mif lUu-tmiillis, 

m Wimlmmal Imip/iK nn .1 .i.m ;!l 

((>. n,), ami diml nf. iliimivnr nn Nnv. I I, l7Hi, ll|>j 

fatlmi' (liiiil Imlnni lin wim hU, ami ilm irm-liin^' n\. Du u* 

wJiutli ho wan Dam a, ml, wuh inHlIoaml, l.nf hi-, i,nlm.iiy 
tnuii.i)hn.l ovovall .lifllonll.i..Hj hv Dm (|,.m wm. Im 


lont ’’ VMt«, mol a mii-i-Im 
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liatl liuiglit liiiiiHdir to mul Latin easily, ami had bogun Greek; 
and l((tfov() he was twenty lie had tmistuml all the ordinary toxt- 
bnelcH on iiiatlnniiatioH, phihisojihy, theology, and law, lilc- 
I'lifKal (,li(i ili'gree el' do<sti>r'of laws at Leipzig by those who 
wtii’e jisaleiiH (lE liis yimtii and hsarning ho moved to Nin*omborg. 
An oHHay wlii(!li he there wr«)to on the study of law was 
deilieahid to (he elector ol* Mainz, and led to his iipiiointniont 
by the eliaiter on u connniKHion for the I'cvisioti of soino statutos, 
I'riiiii which lie was Hiilmeqncmtly proinoUid to tlio diplnmatio 
service, in the latUn* cii])aeity ho supported (unsucceKsfiilly) 
t'lie clainiH of the German candidiito for the crown of Poland, 
'rim violent sei/ure of varhmH small places in Alsaco in 1070 
('.\cited universal alarm in Germany as t<» the designs of Ijonis 
MV.; mid Leilmitz ilrew iip a schemo by ^yhiol^ it was pro- 
posed to oiler German oo-operalion if Franco liked to tako 
I'lgypl,, and iisn the posseHaion of that country as a basis for 
uttimk against Holland in Asia, while Germany itself was to 
bn left undisturbed by France. This bears a curious ro- 
Heiiibhmce to the similar jilan by w-ldeli Napoleon I. proposed 
te iittnek i'lngland. ,ln 1(572 Leibnitz went to Paris on tho 
invitalhiii of the l'’vmiel» govornnumt to explain tho details of 
the lieheiiie, hut nolliing eaino of it. 

At I’mis lie imit 'nnyg<mK who was tlioii residing thoro, 
and their nieetiiign led him to study gooinotry, whieli ho de- 
scribed ns opening a imw Windd to him, though ho hud as a 
matter of I'lmt pi evionsly writUm nomo traots on various minor 
peinls in inatlieniatieH j Um most important of them being a 
jiaper on eonibiiiations written in 1008, and a description of a 
new ealcnlal iiig iimebino. In ilunuavy, 1G7«1, ho was sent on a 
political niiiisieu to liondon, whore ho stopped some months 
mnl made the acquaintaneo of Oldenburg, OolliiiH, and othors; 
it was lit tliiii time that Im eoininuuicated the memoir to tho 
Ibtyal Hociety in whicli Im was fownd to have boon forostnllod 
liy iMoniun (see )i, 21)2). 

I n U»7:i the elector of Miainz died, and in tho following year 
LeilmUz entered the sorviuo of tho Brunswick family j in 1070 

22—2 
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ho again visited London, and then moved to Hanovor, wliovo 
till his death lie had ohoi’ge of tho diical library, and i'cic(iiv(Kl a 
handsome stipend. His pon was th(mc<»forth (iinployod iu all tlm 
political matters whioh alToctodtho Haiiovovian family, and his 
services wore reoognizod by honours and diHLiiiotioiiH of varimiH 
kinds: his memoranda on tho various political, historical, and 
theological qnostioiis whioh coucoviuid tho dynasty during tha 
forty 3 ’earH from 1673 to 1713 form a valualilo contribution to 
the history of that timo. His appointment in tlio Hanovorian 
service gave him inw-onsod leisure for his favorite pursuits. 
Leibnitz nsccl to assort that iw tlm fn-Ht-frinb of his iucroascil 
leisure lie invented the didbrontial and integral caluiilus in Ifl7.( 
but tho oarliost traces of tlio use of it in his (ixtiint Jiotn-booUs 
do not occur till 1075, and it was not till 1077 tliat we 
find it developed into a consistent system, (It was not puli- 
llshod till 1C84.) Nearly all his matlmmatical ])a])m’H worn 
produced witliin tho ton years fnan 1682 to 1(102, and juosl; of 
them iu a journal called t)»o AcUt (n'udiUirwm wliioh lia hud 
founded in 1678, and whioh had a very wide oireulation on the 
continent, All those lun-onftor alluded to wore publwliod in 
this journal. 

In 1700 the Academy of Berlin was created on his advioo, 
and ho di'ow up tho first body of statntess for it. On tin' 
accession iu 1714 of his muster George I. to tho bliroiio oi' 
Euglaiul Leibnitz was praotically tlu-own asi.lo as a uhoIchh 
tool; ho was forbidden to oomo to England; and tho last 
two years of his life wore spout iu neglect and disho.ionr, 
lie died at Hanover iu 1710. Ho was ovor fond both of 
money and personal distinotions j bub he posHossod singularly 
attractive maunei-s, and all who once came under tho oharin 
of Ills personal presence i-omainod siuooroly atfcaohod to him 

Leibnitz occupies at least ns largo a place in tho history of 
philosophy as ho do^ in tho history of mathomatics, Most of 
ills pliilosophioal writings wore eompoaod in tho last twenty or 
twonty-fivo years of liis life ; and curiously onougli tlio quo.stioii 
as to wliethor liis views were oiiginnl or wliotlior they wero 
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appropriated from Spinoza, whom ho visited in 1676, is still in 
qmjfstion among philosophers; tlimightho evidence seems to mo 
to point tt) tlio originality of Loibiiitz. Some fresh corre- 
spondonco botwcou tliom is mid to have boon discovered in tlio 
mnnmor of 1888, and is now being oditocl by Dr Stoin of 
iiiu’ich. Ah to liin systoin of ])lii!oaophy it will be enough 
to say tliat lio regarded tho ultinmbo olomeiits of the univorse 
as individual peroiimmt beings whom ho called mounds. Ac- 
oording to him tlio monads ni*o centres of force, and snbstnnco 
is I'lirdo, wliilo spneo, matter, and motion aro merely phoiio- 
moniil : finally tliu oxistonco of Ood is informl from tho exist- 
ing linrmony among tho mounds. His services to litoraturo 
wore almost as ooiiHirlorahlo ns those to philosophy, but it is his 
matlmimiiieal work alone that ooucorns mo hovo. 

All his nmtlmimitical paimrs have boon oolleotcd and edited 
hy 0. .1. (lerhavdt in 0 vols., XJorlin 1849—1860. Tho chief 
Hulijeois dismiKsod in thorn arc tho inflnitosimal calculus and 
Home meelianical prohiuma 

'I’lie only papers of first-rato importnneo which ho produced 
ui'o ihoHo on the dinbrential oaloulns. Tho earliest of these 
was ono pul)ll«lu(d in tlio Aola (inuUtonm for Oetobor 1084 in. 
wliloh ho ('mmoiiitod a genornl method for llnding maxima 
and minima, and for drawing tangents to curves, One in- 
vorso prohloiii, nnnioly to diul the curve whoso subtaugont 
is eoiistimt, was also diHciiHsed. Tho notation is the same ns 
that with which we are familhu', and tho dillbrentiul co- 
cHiciimtH of <(;" and of jimluots and (luotionta are doturminod. 
In l(i80 lio wrote a paper on tho principles of tho now 
(.■alouluH, In both of these papers the principle of continuity 
is explicitly KMHumod, wliilo his treatniont of tho Bubject is 
liaacd on the uhc. of infinitoBiuiols and neb on tliat of tho 
limiting value of ratios. In answer to some objoutions which 
were raiscil in 1(194 by Hornard Niouwontyt (born at West- 
graaltlyko in ICfil and died nt rurnioi'cnde in 1718) who 

aHHorted that Hteeil for an immenuiiig quantity like 

ail! ^ 
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Leibnitz explained tliat tlio value of 


(HI . 

™ lu gflomotry could 


be expressed as the mtio of two finite quaiititioR, in tlio same 
way as Barrow bad previously done. ![ do not tliinlc tlial 
Leibnitz’s statement of the objects and inotliods of the in* 
finitesiinal calculus as contained in those papers, which arc 


the three most important momoirs on it that lie produced, 
are as able as thoso given by Nowton and (piotod aho^'c, uikI 


his attempt to placo the subject on a motaphysiciil basis did not 
tend to clearness] but tho notation lio introduced is superior 
to that of Newton, and tho faot that all tho I’osults of inod(U’n 


mathematics arc oxpi'osaed in tho language iuvoiited by I-oih- 
nitz has proved tho host inonuincnt to his work. 

In 1086 and 1092 ho wrote paper's on osculating curves, 
These however contain sonic had bluudovsj as for exainplo, 
the assertion that an osculating circle will ncoessavily out 
a cui’vo in four consocutivo points: tliis error was poiiittul 
out by Jolin Bernouilli, but in liis article of 'J G02 Loibnitz 
defended his original assiution, and insistod tliat a cirohi could 
never cross a. curve wlioro it toucIuKl it. 


In 1092 Leibnitz wrote a memoir in wliioh lio laiil tlio 


foundation of tho theory of onvclopos. This M'as further 
developed in another paper in 1()94, in which ho introduced 
for the first time tho tornis cooi’dinafcoa ami axes of co- 


oi'dinates. 


Leibnitz also published a good many papnrs on nioohanical 
subjects 5 but sonic of them contain mistakes which sliow 
that ho did not undoratand tho principles of fcho subject. 
Thus in 1686 ho wrote a memoir to find tho prossuro exerted 
by a sphere of weight W placed between two inclined pianos 
of complementary inclinations (whioh ho supposes placed so 
that tho lines of greatest slope ai*o porpomUoular to the Him 
of the intersection of tho pliuies). Ho a-ssorts that tho pressure 
on each plane must consist of two oompononts “unuin quo 
cleclivitor clescondcro tondit, alteruin cpio planum dcoliim pro" 
mit.” Ho further says that “for metapliysical reasons" tlie 
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8um of tho two pvoasui'Ga must bo equal to IK, Hence, if li 
ainl li' 1)0 tho roquivod pvosanrcs, aud a and ^tt - a tlie iucli- 
natioim of tho pianos, ho liucla tlinb 

ll 11^ (1 — sin a -h cos a) and Yi' = ^ IK(1 — cos a + sin a), 

Tho tnin vahios ni’O R - T^cosa and li" = IF sin a, 

NovortholoHH soino of his pnpei’S on n\ochanics are valuable. 
Of fchcHo tho most iinpovtant wore two in 1689 and 1G94-, in 
whioli ho Holvod tho pinblom of finding an isochronous curve ; 
ono in lGi)7, on tho curvo of quickest descoiit (this was tho 
prohliiin aont as a ohallongo to Nowton); and two in 1691 
and 1(192, in wliich ho statod tho intriiwic equation of tho 
ourvo taken by a lloxihlo ropo Kuspoiidcd from tv'o points, i.o. 
tlio oatonary, but gave no proof, Tliia last problom had boon 
originally propnacid liy Galileo. 

J!n 10H9, that is two years after tho VHiicipia had boon 
pulilisliod, he wrote on tho inoveinonts of tlio planets whioli 
lie stated wore produced by a motion of tlio othor. Not only 
were the equations of motion which ho obtained wrong, bub 
liis dediiotions from tliein worn not oven in nocordauoo with 
Ills own iixionis. In another memoir in 1706, tliab is nearly 
twenty yiiavs after the Prhidpia luwl boon written, ho admitted 
that be had iiitulo seme inistakeH in his Connor impor but 
a<lher(!d to bis previous conclusions, and sums tho matter 
uj) by saying “it is certain that gravitation gonorntes a 
new force at eaoli insbint to tho conti'o, but tlio contrifiigal 
foree also goneratcH another away from Uio contrQ....Tho 
centrifugal force may bo considoi-od in two aspects according 
as tlie moveineni) is consldeml aa along tho tangont to tho 
curve ei- along tlie are of the ciroln itaolf.” It seems clear from 
tliia piijier that he did not reidly uiulorstaud tho maimer in 
whieh Newton liivd reduuod dyiuunioH to an exact scionco. It 
is hai’dly necesHiiry to consider luH work on dynamics in further 
detail. Much of it is vitiated hy a constant confusion botwcon 
momentum aud kinetic ouorgy. If-O soinotiines uses tho firsb 
which he calls the vis nmiwt, and sometimes tho latter tho 
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double of which lio calls tlie vis viva, ns iilia ineasuro of a fovco • 
according ns the force is “jjassivo” or ‘'acfcivo." ’ 

The aeries quoted hy Leibnitz conipriso those for e% log (1 +. 1 ^ 
siua:, vcrs.-c, and tan“'a;. All o£ those had boon pi’eviouslv 
puldished, and lie rarely if evoi- added any iloinonatrations. i|, 
1693 he explained the inotliorl of expansion by inclotorniiimt,, 
coefficients, though his ajiplications woro nob froo from eiroi' 

To sum the matter np briefly, it Bemna to nio tlmb Leilmiiz’i, 
work exhibits gi-eat skill in analysis ; but wherovor ho 
his symbols and attempts to mtori)rot In's rosulta or deal with 
concrete cases he commits blunders j and on tlio wliolo I think 
his mathematical work is ovomitod. No doubt tho donmiids 
of politics and philosophy on bis timo may havo proveiitrd 
him from elaborating any subject complotoly or writing miv 
systematic exposition of his viou's; but they aro no oxenm. for 
the mistakes of principle which occur so frequently in lijn 
papers. Some of his momoli-s contain snggOBtions of nmtlmdH 
which havo now become valuable means of analysis, such uh 
the use of determinants and indotorminatu coollloieuts Hut 
when a writer of manifold intoresta llko Leibnitz blirows out 
innumerable suggestions, some of them aro likely to turn out 
valuable; and to enumerate these (which ho nover work(>d (uitl 
without reckomng the others which aro wrong seems to me t.. 
give a wholly false impression of tho value ol' Jiis work. 

Leibnitz was only ono amongst several contiuontul wi'itors 
hose papers in the Acta cinuiito7'um familiarized matlir. 
ma .Clans with tho use of the diffei-ontial oaioulus. Tho most 
impoitant ol those wei-o Jacob and John Bcrnouilli, botli of 
whom wore warm friends and admh-oi-a of Loibnit; ami to 
whose unselfisli devotion Im i-eputation is largely duo. .Not 
ily did they take a prominent part in nearly c^vory matin- 
mtical question then disoussed, but nearly all tho^ loading 

Jiteenth century came directly or indireebly under tho 
influence of the teaching of one or both of t;hcm. ' 
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Tlie Bernouillis (ov as they ai*e sometimes called the Ber- 
noiiUis) wore a family of Dutch origin, who were driven from 
Hollnud by tlio Spaiiish j»ei*secntioiis and finally settled at Bfile in 
Switzerland. The first member of the family who attained any 
marked distinotiou in matheniatica was Jacob. Jacob Bernouilli, 
usually called James Bernouilli by Englisli writers, was born 
at Bulo on Dec, 27, 1654 and died there on Aug, IG, 1705. 
Ho was one of the earliest to realize how poweifnl ns nn 
instrument of analysis was the differential calculus, and he 
applied it to ao^’eral pi*oblems, but he did not himself invent 
any new processes. TTIr most important discoveries were his 
solution of the problem to find an isochronous curve ; his proof 
that tho consbi’viotiou for the catenary which had been given by 
Leibnitz was corroot, and his extension of this to stidngs of 
variable density and under a central force j his determination 
of the form taken by an elastic rod fixetl at one end and noted 
on by a given force at the other, the elastica', also of a flexible 
rootniigular aheot with two sides fixed horizontally and filled 
with II Imavy liquid, tho UnleaHa', and lastly of a sail filled 
with M'ind, tho volcvi'ia. In 1G9C he offered a reward for the 
gonorul solution of iaoperimetrical figures, i.e. the d^teimiiua- 
tion of a figure of a given species which sliould include a 
inaxinium area, its perimeter boing given i his own solution 
published in 1701 is 8ul>stantially correct. In 1G98 he pub- 
lished an essay on the differential calculus which contains 
nunioruns applications to geometry. He here investigated the 
chief proportioB of tho equiangular spiral and especially noticed 
tho nmnnor in which vaidous curves deduced from it repro- 
duced the original curve : struck by this fact ho begged that 
in imitation of Archimedes (see p. 60) nn equiangular spiral 
should bo engraved on liia fcombstono with the inscription 
eadani mutaia resu7‘go. He also brought out an edition of 
Dosoarbes’ Geometry ; and in his conjecta^idi published in 
1713 ho established the fundamental principles of the calculus of 
probabilities. His works were collected and published in three 
voluinosj ono issued at Bftlo in 1713, arid two at Geneva in 1744. 
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Johann Bernouilli, the brother of the preceding, -^vaa ]mv>, 
at Bi’tlfi on Aug. 7, 1667, and died there ou Jan. 1, 17 .[f^ 
He filled the chairs of inathematica successively at Gronincr' 
and Biile. To all who did not acknowledge his merits if'I 
iimnner commensurate with his own view of their imnortaiirl 
he Ijohaved most unjustly : as an illustration of his cliaraot(ir 
It may he mentioned that he attemptefi to substitute for „„ 
incorrect solution of liis own on iaopenmetrical curves another 
stolen ivom his brother Jacob, while he expelled his son Dm,j„l 
trom Ins house for obtaining a prize from the Frencli Acadoinv 
^yhich he had expected to receive himself. He was howovnr 
the most successful teacher of his age. and had tlie faculty of 
inspiring his pupils with almost a.s passionate a zeal for nmtlm 
matics as he felt himself. His great influence was uniformly 
and succe-ssfu ly exerted m favour of the use of the differential 
alculus, and his lessons on it, which woi-e written in 1691 ami 
ave published i„ vol. she.v ).o.v completely l,„ 

ml Bvm thou gvasi«d the prinoiplos of the now uualysiH 
11 080 eoturos wh.oh contain the earliest use of the ton,, 
inte^nl .voro the aiat attempt to construct an integral cnlonluH ■ 
fm Ivcw on and Leihnite had treated each problem by it,„)|' 
nd noULor of the, bad laid down any general rules' on m',', 
10 1 ' f irammerablo coutiavorsios, 

al... ^™'i»i"'er6 the expononthd 

C ,lus, the treatment of trigonometry ns a branch of analysis 

the conditions for a geodesic, the determination of orthogomil 

.t?™:' state™,,; 

that lay of light traversed such a path that Sn* was a 
m uuimm and the enunciation of the principle of virC„„l wo, 'It 
le hevc that he was the first to denote the accelerating odect 

pubhshed by Cramer at Gene4 in’fon: ™Les^: 
generaZ eiSed m^le^Iti::; tSaotogl: Sf;' 
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Tlio most important of thoso were the throe sons of John ; 
namely, Nicholas, Daniel, unci John the younger; and the two 
soiiH oil John tlio younger, who also bore the names of John 
and Jacob, To inako the account complete I add hero their 
i‘OHp(!ctiv(i dates. Mcholas Bornouilli, the oldest of the three 
sons of John, was born in 1695 and was drowned at St Peters- 
burg whovo ho was pi'ofeasor in 1726. J)aniel Bornouilli, the 
Houniul son of Jolin, was born on Peb. 9, 1700 and died in 
1782, Ho was professor first at St Petersburg and afterwords 
at IMlo, and shares with JSnlor the luiiquo distinction of having 
gained tlio prlxo proposed amuinlly by the French Academy no 
hiHH tlian ton times. His oarliost matlieinatical essay was a 
solo Lion given in 172'1- of tho difibrontial oquatiou proposed by 
liioeati. His ohiof work was on hydrodynamics and was pub- 
lishcid in 1738. Tlio Kohitions of tho problem of vibrating cords 
which had boon given l)y Taylor (scop. 367) and cVAlemborb 
woi'o disonsHod by liim and Kulor. Johann Bornouilli, tho 
youngci’, a brother of Nicholas and Daniel, was born on May 
IS, 1710 and dioil in 1790. Ho also was a professor nt BUlo. 
Ho lol't two HoiiH Jolm and Jacob : of thoso, Johann^ who was born 
on Jhie, ‘I, 17'l'4 ami died on July 10, 1807, was astronomor 
royal and direotev of inuthomatical Btuclies at Berlin i and his bro- 
il lov Jitiwl), wlmwuHborn on Oct. 17, 1759 anddiodiu July, 1789, 
WHH Ruccossivoly professor at Bfile, Verona, and St Petersburg. 

The cUvolo}nnent of analysis on iJie continent 
Leaving for a moment tlio ISugliah mathomaticianB of this 
lialf of the oightoouth century wcj como next to a nurabor of 
einitineiital writers who bnroly oscapo mccUoority and to whom 
it will only ho nocosHary to dovoto a few words. Their writings 
iimrk the stops by which aiialyfeical gooinobry, and tho difib- 
I'oiiLial and integral calculus, woro jicrfcotod and nnido familiar 
li) mathoinaticians. Nearly all of thorn were pupils of ono 
(m t)th('i‘ of the two oldor Boriumillis, and thoy wore so nearly 
contemporaries that it is dilfioult to arrango them chrono- 
logically. Tho most omiuont of thorn aro deGua-. (h Mont- 
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viorti Fagnano: VJfmpitnli Varml.\ h’imifl-. , Sun, 'in’. 

and Vcmynoti. I will fcaUa bli(aii an lar aw in llntii- 

oi'do).’ of timo. 

Giiillauma Fmugois Auloim I’llosplbal, du Si- 

MoHinc), liorn at Tana in 1001 tuid dual tlmro on 2, i7n.[, 

wan among blm oarliont |m|>ilH of Jojui ntn-nonilli. ilo iiiuk 
part in nionb of tho ulialloiigoH iamiod \iy :i,oilmit/., Mio HonmiiiiliH, 
and oUim* (lontinonta) niatlioiiuitioiaiiH of tlio l-inu' ; in imrlionliiv 
ho gav(f a Holntion of tln^ hnujUi.sUMihi’ono, and iiivtiHligali'il l.lm 
form oE tho koIuI of loiwt n'Mintaimo of wliioli Niuvton in 
tho Priiiiiipia liad Htabd tlio niMult. Ho wroto in HI'.KI a 
tvoatiso on tho diflorontial oalotiluH wliioli diil a groat iloiil to 
malcu itH advantngOH wiiloly Iciunvn in i)Vaim(n tlm only now 
worlc in iliin in Iuk inv<«ligaUoii of tiio limiting valno of tho 
vnlio of Amotioiw whicdi for a cortniii valuo of tho vnriahlo (ak«i 
tho iudot(irniinat(5 foi-m 0 : 0. A. HUpplimioiit to thin, ooiitiiiiiiiig 
a Hiiiulav tr(?atmont <»E tho integral mhmliiH, tj>go|ilior with tlio 
udditionn to tho (lIlTorontial oalonhiH wliiidi hail linou iiiiulo in 
tho following half oontiiry, wau pnhliHhod at l.’nriH, ITHl- f|, 
l»y L. A, do Ihnigainvillo. Thoinan|uiH do I'l l,onpital alao wroto 
a treatiso on analytical cmiiirH whioh wan puhliHhial in 1707. 

Anloinn Pavont, horii at I’ai-iaon Hopt, III, Kitill and diod 
thoro on Hopt, 20, 1710, waa tho llrat to rofor a mii'l’ma' to 
throo ooordinato plunoa and thua dotonnino ita form liy nmaim 
of an (Kiuation: tliia wuh in 1700. ilin worlcn worn (lollootod 
and publiHluid in 3 vtdH., Taris, 1713. 

J Vailguoii, horn at Oauii in Ki.b-I and diod in I'ai’in 
on Deo, 2‘Jj 1722, was an iutimato friniid of .licilinilz and tho 
BornoiiilliH, and tho uarUoafc and luont jioworfiil advoralo in 
Franco of tho dilloroiitiul caloulua .Uo Himpliliod tho pro.ifo 
of many of tholoacling pi*opn»ibi(niB in nmohanloH, and roomd 
tho troatmont of tho Huhjoot. IUh workw wi'vn pul)li«hod at 
rarisin 172f). 

J(mph Sanrlii, bom at OourtiuBou in lOfil) and died at 
Paria on Doe, 29, 1737, was tho llrnt to bIiow how tho tangmitH 
at tho multiplo pointH of oiuwoa could bo alwayn dotorniiimd. 



NICOLE. ]5E MONTJtORT. DE GUA. RICCATI. 349 


Francois Nioolo, who was bom at Paris on Deo. 23, 1683 
and died Ihoro on Jan. 18, 1768, was the first to publish a 
systoinatio troatvao on finite differences. Taylor had regarded 
tho dilTorential coofficionb, i.o. the ratio of two infinitesimal 
diiroronc(!H, ua the limiting value of tho i^atio of two finite 
difforonoea, a mothod which is still used by many English 
writers, though it has boon gonorally abandoned on the con- 
tinent, and Imd thus boon led to give a sketch of the subject in 
his Mdhmlns published in 1716 (sec p. 357). Nicole’s Tmiie 
du mhnd dm d\(fh'cnces /mien was published in 1717. It is a 
w(dl-iUTaiig<id and ablo book, and contains rules both for 
forming diffcroiicos and effecting the summation of given aeries. 
lloHidcH this in 1700 ho wrote a work on roulottes, especially 
Hphorioid epicycloids: and in 1731 lio published a memoir on 
Nowtoids (^HHiiy on curvoK of tho third degree. 

PUrvd Raymond do Montmort, born at Paris on Oct, 27, 
1(178 and died there on Oct. 7, 1719, was also interested in the 
Huhjmit of finite ditfia'cncos. Ho doterminod in 1718 tlio sum of 
y terms oil a fiidtc scricH of tho form 


m 




Jean Paul do Gua was born at OarcasHonne in 1713 and 
died at Paris on Juno 2, 1786. Ho published in 1740 a work on 
analytical gcomotry in wliioli ho applied it, without the aid 
of tho (Ulfi.'rontial ealoulns, t») find tho tangents, asymptotes, 
and various singular points of an algebraical c\u’vo ; and he 
further slunved how singular points and isolated loops were 
affcoted by conical projeotion. Ho gavo the proof of Dcseartes 
rule of signs which is to bo found in all modern works: it 
is nob clear wliothor Dnsoartes ever proved it strictly, and 
Newton to have regarded it as obvious. _ 

Jampo Framo Oount Riocatl, born at Venice on May 28, 

■1(17(1 ,uul .U.*! at on April 15, 1754, clul n, g.-on deal 

to ili«onn.mto n knowloclgo oE tho Nowtonmn philosophy in 
I toly, Bonita tho equation known by lus name, oovtam oaa 
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of which ho auceeedetl in integi-iifcing, lio ilisciissecl tlio quoHtum 
of the [lossibility of lowering tho order of a givoii (lillbvmuiul 
equation. His Avorks were published nt TrSves in 4 voIk. i,i 
1768. He had two sous who wrote on several minor jjointH 
connected Avitli tho integral calculus and differential e(nmtiniiH^ 
and applied the calculus to several mechanical quostioiiH ; i Ii,mi 
A vere Vviaen^so, who Avas born in 1707 and died in 1775, ,v„i| 
ffiordano, who was bom in 1709 and died iji 1790, 

Oiulio Cm'io Ooimt de Pagnano, born at Sinigagliann Drc.li, 
1682 and died on Sept. 26, 1706, may bo said to liavo Ix-mi tli.^ 
first writer Avho directed attontion to tlio tlmory of oHipiir 
functions. Failing to rcotity tho ellipse or hyperbola 
attempted to determine arcs Avhoso differonoo should ho rcrtiih 
able. He also pointed out tho remarkable analogy o.xisliiig 
botAvoen tho integrals Avhich represent tlio arc of a circle and iJul 
arc of a lemniscato. Finally ho proved tlio forinaila 

where i stands for 7-1- His Avorks Avero oolloutiid iind 
published in 2 vols. at Pesaro in 1760. 


It was inevitable that some mathematicians should objinit 
to the metliods of analysis by means of the iufinitosimul riihm. 
Ins. The most prominent of these Avore Viviani, de L.dnn^ 
and lioUe. Olironologicolly they come here but they fiouriHlmd 

half a centuiy after tlm date to which their writings prui.m-ly 
belong. o j. 1 

Vmcemo Viviani, a pipil of Galileo and Torrioolli, born id 
Florence on April 6, 1622 and died there on Sept. 22, 17():i 
brought out a restoration of the lost boolc of Apollonius i.il 
come sections in 1669; and a i-ostoratiou of tho Avoric of 
Aristreus m 1701. He explained in 1677 how an anglo could 
bo trisected by the aid of tlie equilateral hyperliola or tlio 
conchoid In^ 1692 he proposed the problem to construct 
tour Avmdowa in a hemispherical vaidt so that tho romaindor of 
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LKo sui'faco can be accnrately cletennined, a problem whicli at- 
traotiul the attention of "Wallis, Leibnitz, David Gregory, and 
.Tncob Bornouilli. 

Philippe de Lahlre, boiii in Paris on March 18, 1040 and 
died thore on April 21, 1718, wrote on graphical methods, 
1(573; on the conic sections, 1685; a treatise on epicycloids, 
1094; one on roulettes, 1702; and lastly another on conchoids, 
1708. His Avorks on conic sections and epicycloids were 
f()\nid(i(l on tho teaching of Desargues, whose favorite pupil he 
wiiH. 11(1 alao translated the essay of Mo.schopulus on magic 
HflUuvdH, and collected together all the theorems on them which 
W(3i'<) pvovionssly known: tins was published in. 1705. 

Afkhel RiOlle, born ivt Ambert on Apvil 21, 1652 and died 
ill P»vin on ISTov. 8, 1719, wrote an algebra in 1689 which 
(sontaiiiH tho thcorom on tho position of the roots of an situation 
wliinU is kno-\vn by his name. He published inl696 a treatise 
on tlu) solution of equations whether determinate or indoter* 
miuiito, and ho produced several other minor works. He taught 
that tlio diflforontial calculus was nothing but a collection of 
iugoiiiouH fn.llaci(!S. 


Ho far no ono of the school of Leibnitz and the tivo Ber* 
luniilliH had shewn any (Exceptional ability, but by the aotion 
o£ a mimbor of second-rate wi*itev.s the methods and language of 
uniilytical gooinotry and tho diffei'ential calculus were every- 
where well hnown by about 1740. The close of this school is 
mai’ked by fcho appearance of Glairaut and d'Alemhei't. Their 
lives ovoi'laii tlio period considered in the next chapter, but 
tlurngh it is dillioult to draw a sharp dividing line which shall 
Huimrate by a dofinito date the matheittatioians there considered 
f !■( im thoHQ that form the subject of this chapter I think that on 
ilie whole their works are best treated here. ^ a 

Alexis Claude Olairant was horn at Paris on May Id, i7id 
and died thoro on May 17, 176A He belongs to the small 
gruup of ohildron who though of exceptional precocity survive 
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and maintain tlmii* )) 0 wci '8 Avhon grown ui). Ah early uh Uio 
ago of twolvo ho wroto n momoir on four gonniotrioivl (nirvc'i, 
Imt his first important work was his trc^atiHCi on tovLiioiiti 
ouiTOH publishod wluni ho wns ('ight(!on-- a work wliioli promiml 
for him iminodiato ailiniHsion to tim ifronoh Aoiidomy. lii 
17IVI ho gavo a domonstration of tluj fact nohal hy Nowlon 
that all onrvoa of tho tim’d order AV(‘ro pvnjo('tionH t»i imo of 
five parabolas. In 1741 lio wan wait to inoasnro tho loiigih of 
a moritlian dogroo on tho isartli’a surfaoo, and on his rt'Lum in 
17'13 ho jmbliKhod Ida TMor'm </<t lujujura <lt\ la Tv/m'-. Tliia in 
foumhid on a jiapor hy Muolatiriii, whuvo it hiul hwai sliowu 
tliab amass of homogonoouH lluid not in rotation alioiit a liiii' 
throngli iUn (lontro of iuuhh wmdd, uiidor tlio ninjnal aLti'm-linn 
of its particles, tivlco tho form of a sphoroiil. 'I'liis "'"ilc ol 
Olaiianb troatial of hotorogonomiM splioroids and oontiiiiiu tin* 
proof of his formida for tho aoooloratiiig ullhiit of graviiy in a 
place of latitndo I nainoly 

7/ { I - (.H VI - c) (?, - cus“;) }, 

wlioro G is tho vidno of minatorial gravity, vi tho ratio of ( ho 
centrifugal forco to gravity at tho orpiutor, and c (ho ('lliptiriiy 
of a inoi'idiau sootion of tho earth. In IH'lh I’rof. Htolco'i 
showed in tho C<mh. Phil. Tmna. vol. vin, that tlio muiie 
i’(3Hulb was ti’uo whatovor was tho density of tho earth jirovided 
tho surface was a level ono. 

IininvHSfid by tho jiowor of geomotry as Hhown in llio writ • 
ings of Nowton and Maelauriii, Olairaut abaudoiuid aniilyi>in 
and his next work, tho Thcoric da la Lnno, published in 17h‘J, 
is strictly Newtonian in character. This oontaius tlio cxjils' 
nation of tho motion of tho apso which hud prnviously jiuz/h'd 
aatvonomorfl (soo p, 315), and which Olairaut had at (lift 
doomed so inexplicable that ho was on tho point of publiHliiiig 
a now hypothesis as to the law of attvaotion when it oeourred 
to him to carry tho approximation to tho third order, anil lie 
thereupon found that tlie I’osult was in acoordanoe with tho 
observations. This was followed in 1764 by somo lunar tahlcs; 
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und Olrtiraxit subsequently wrote several papers on the ov\)it 
of the moon, and the motion of comets, particularly on the 
path of Hnlloy’s comot. 

liis growing populai*ity in society hindered his scieiitific 
w(n’k : “ongag6,” says Bossnt, “i. des soupers, ii des veilles, 
ontvainf) pai‘ im goiat vif pour les femmes, voiilaut allier le 
jtlaiair it sos travaux ordinaires, il jierdit le repos, la sante, 
<ui(iii la vio ft, I’ftgo do cinquante-deux aiis.’^ 

Jumi-la-Uond D’AlemheTt was bom at Paris on Nov. 16, 


1717 and dlod there on Oct. 29, 1783. He was the illegiti- 
inalKi child of tho ohovalior Boatouchcs. Being abandoned by 
liis mothor on tho stops of the little cluu’ch of St Jean-lo-Eond 
wliich th(5n nestled under the gi’eat porch of N6tro Dame, he 
WHS talcou to tho pariah comnnssary, who following the usual 
pnicticKJ in auch oasos gnvo him tlio Christian name of Joan-le- 
llond : I do not know by what title he subsequently assumed 
till! right to profix de to his name. He was boarded out by 
the parish with tho wife of a ghv/ior in a small way of brisiness 
who lived iniar tho cathodml, and boro he seems to have found 
a rtial lunntv thougli a very humble one. His father appears to 
havtt looked after him, and paid for his going to a school where 
ho oltliiinncl a fair inabliomaOical education. An essay on the 
Intiigral oalouluH written in 1738, and another on “ducks and 
dralccH” or ricochets in 1740 attracted considerable attention, 
ivnd in tlio sumo your ho was elected a member of the French 
Aoailomy j tins was probably partly duo to the influence of his 
fatliur, huh it is to his credit that ho nl)solutely refused to leave 


his luloptial parents. , , -tT 

N<!i\rly all his mathematical works wore pi'oduced within 
the imxt ton years. Tho first of these was his Trait'e de dyna- 
mioHiu published in 1743, in which he enunciates the principle 
known by his name (soe p. 313): tho application at this pnn- 
enables us to writo tho differential equations of motion of 
any rigid nystein. In 1744 ho published hiB lmite de lcqm- 
UlL oi (ho maumnienl dea Jlwides, in which he applies Ins 
.miuatiouB to fluids: this led to partial differontial equations 


11. 
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which ii(! WU8 tium mmhiu to moIv.- In iT'lfi Im (hivcli.|«a 
that part o£ tho subjoot wliicli iJnulL witli tiu) motion of .,i, in 
\\\^ThG<n'ieij!inmthiileitvtmt!i: and thin lignin ii!(t liim to puilia' 
dilToi'ontial oquatiouH. A WHininl (alition oj' tliia in I7 lii \v„h 
dcdicatod to Moruik iJm of J'niHaia luul pi'ocmvil 

invitation to JUn-lin iiiiil tlio olliii* of a poiiHiou ; lio iloiilint'il lln’ 
foimor, hut allor m>m<t pimsin^ pnolctildil Iuh prlilo anti t)o< 
latter. In 1747 ho appliod tim ilillort iitial lailduluH to ||io 
problem of a vilautin^ HtriiiK, iiml ngjiin arrived at tt naiiijd 
(lin'orential equation of tho form 


tru 

hl'^ 


o w. 


tlia aiialysiH had tlma tliroo titiioM broufiflit liim to llio timin' 
equation; and lio at liiHt Hiiootioded in HlmwiiiL' that it wiio 
Batisfiod by 

n ■■ (/> (a) .|. i) .\. ^ 

whoro ^ and ^ are arbitrary funotiouH. 

riiin k tiu) most brilliant phieo oj’ analysis im pniiliind, 
and It may bo intovmting to givo his solution wliioli wan imli 
lishod in the transaotioiiH ortho.Hor!in Aeadomy I'or 17-17. l|i» 

bogina by myiug thut it t,„ ,,j, ,, ?'« |,y n,„„ 


But by tl,o givon oguiitiou £ ^ 

also an exact dinbi-ontial ; duiioto it liy dv. 
Thorotorc dv^,Hll + ,,,h. 

I-Icnco 


du + dv = tj,dx. + qdl) + (,„ft + yrf,,) „ 
mid du - dv = (y,& + qdt) - (,„U + „ (,, _ ,,) (,fo, .. dl). 

biius „ + u immt bo a fimctiou of .-ctt, and u~v mml 1„. „ 
function of a, - (. W„ „„,y tl.orotoro [.iit 


M + V - (l« -»• i), 

w = ^ (oi + i) + ^ ((y „ 


and 

Hence 
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D’Alembert added that the conditious of the physical 
1 ) 1 * 01)10111 of a vibrating string demanded that when rc = 0 
u should vanish for all values of t. Hence identically 

Asaunihig that both functions could be expanded in integral 
powers of this required that they should only contain odd 
powers. I-Ionce 

Thovefore u = <f) (x + t) -i- tji {x - 1). 

Euler uow took the matter up and shewed that the equation 

of the form of the string was ^ , and that the general 

integral was u ^ ^ {x at) tj/ (x + at), where 0 and i/' are 
fu'ljitrary functions. Most of Euler’s re.sultB on the theory 
of partial difloreiitial equations are collected in his Insiitulionea 
oalfiuli integralia. 

'J’lio oliiof remaining contributions of d’Alembert to mathe- 
innbicH wure on physical asti’onomy, especially on the pra- 
coHsiou of the equinoxes and on variations in the obliquity of 
tho oolipfcio. These were collected in his Systeme du monda 
published ill 3 vols. in 1754. An edition of all his works was 
published at Paris in 8 vols., 1761 — 1780. 

During the latter part of his life he was mainly occupied 
with the great French oncyclopiedia. For this he wrote the 
introduction, and numerous philosophical and niatlieinatical 
articles : tho best are tliose on geometry and on probabilities. 


The EnffUsh mithematida-ns of the eighteenth century. 

I ha-vo reserved a notice of the English mathematicians 
who succeeded Ifowton in order that the members of the 
ICnglish school may bo all treated together. It was almost a 
matter of course that the English should at first have adopted 
tho notation of Newton in the infinitesimal calculus m pre- 

23^2 
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.‘]r)G 

foroudo Ltj that «)t LoilinitiK, and tlai lOngliHli hoIiooI wuulil 
oouRuquontly in any cuho liuvo dovoloixid on Homnwlial: dillmviiL 
linos (jO that on blio <!ontin<nit, wlun’n iv Iciiowliidfjn «»!’ I.lut in- 
linik'simal cidnnluH was <lorlv«d Hohdy fi'otn LnilniiL/ ami tluf 
.Iloi'iiouilliH. .Mnt this no|»aiuth)n into two diatiin'I. hoIiodIu 
buuaiiHi very niarknd owing to tho luithm of .loliii llnnimiillh 
who I’oganlod bho uoiiti*ovoi*Hy on tlio oi’igiii of tho inliiiildsiimd 
oidciduH aa a convonumt oiUHii-buniby to v<Mit liin dialilo* of 
Nowton and Nowton’a countryinon. lb wjis only iiatinnl 
tlunigli it waa nnrorbuualo that tliu JOtigliali Mlionld liavo 
Hontod tliia liy dnolining t(» h<i(» iuiy jiuirlt in tlio wnrK'n of 
Ijoihnibz and dolin iiovnoullli : and ho for lorby oi' lil’ly yniivi 
to tlm mutual diamlvantngn of both aidim tlio iiuiirrol nini’d- 
ilin h«uliug inomboi'H of tho Knglmli huIiooI wi'fo (lotim, Taylor, 
do Moivvo and Maolaurin. 'I'lio I'ollowing in an iLlpliabol.li'iil 
list of thoHO imnt o«mHid(jrod: tin Mmvn^ David f/riv/Hiv/, 

Lawkn^ Uadaurin, lidun K%iilh, Dlr.tmrl, and Tai/f.oi\ 

Duvul O'roBory, bho nophow oC tlio JaimiH (Irogory ini'ii 
tinned on \i. 278, horn ab Alxn'doon on .hum 2'l, I (US I and dint 
at Maidonlioad on Oot. 10, 1708, wuh a|i|mintod jh'oIVhhoi' at 
ltdinburgli in 1084, and inlCUl was on Nowton'H naioiniixmdii' 
tion oloctod Savilian profoiwor at Oxford, llm oliiof worbi 
aro a Gdomobry IbhikhI in 108-1 j an Option in lOUn; ami a 
troatiHo on bho Nowtonian goomotry,. pbyHioH, and aHLrmminy 
in 1702. It WHH bp him tbabNowtou Hout tlm nmiiinuii ipt of 
tlio optical Uiotnrns given at Oambridgo iu tlm yoarn from HIHH 
to 1071, and fi-om whioh tho cclitiou of 1721) wuh jirintixl. 

Ihook Taylor, born at lUdnioubon on Aug. 18, 11185 and 
died in London on Doc. 29, 1731, waH ndnoatiid ab Wt .lolni’a 
tollogo Oambridgo, and was among tlm most onthuHiaHtin of 
Newtons admiiWB. li^-om tho year 1708 onwurdH Im wrntn 
numorous iiapora in tlm Phiiosophical Tratmidhm in wldnh 
among other thiiigH he diaoiWHud tlm motion of projnotilns, tlm 
oentro of oscillation, and tho forioH of lirpiids mlHod by uajdl 
lanty . Hin earliest work was onn on pompoctivn publiHlm-1 
• This was lirfit oonBldorod by Jlnmphyy mtton, wlm wax bora at 
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in 1715; Imt that by whioh ha ia gonoi-ally known la his 
MethidusincTQmmtQrumdirGClaoi wiieraa London, 

171fi_1717. This contains tlio proof of tho well-known theoi'om 

/ (a: - 1 - h) :=:/(»)) -i- hf^oi) + (*)+..., 

l.y which any function of a single variablo can bo expanded in 
nowci-s of it, lie dooH not eonsidov the convoi-gonoy of the aovica, 
and tin) proof which contains numovoua assumptions is iiot 
worth ropnaiiuiiug. Taylor wns fcho earliest ^vi-itor to deal wit i 
thcorunison tlni oiiango of the indopoiulont vnmblo ; ho was also 
tlm iirst to i'oali.o tlm possihility of a calculns of opera ions, 
and Just UH lie denotes the nth dilTorontial cooiUoicnt of^ by J , 
HO ho UHOH to roprosout the intogtul of 2/, Tho 
cf tiu) cidoiiluH to varbma (piostums which 
AModu. Imvo hardly rocoived that 

Tlui numt important of thorn is his theory of tho timiBVOiBO 

inviihti«iaoi«, In Ulio l.o linally ilotonmiica that tho numhei 
of huU-vihrationM executed in a Hocond is 


fj)P 

’'win' 


whom L is the length of tho Hiring. iV its wo.ght, 7 tho wci^it 

which Htretches it. and I) tho length of a seconds 

This is correct, i.nt in arriving at it ho assumed th Y 

nniut of the string would p.isH fclnm|gli its 

l)ihun at the same iimtimt, a restriction which 

HuhHoiueiUly shewed to Im «un«ry. _ 

the foria which the string aH»m«eH at any ' jj(^.„,ontial 

.dH(, contained the earlieBt determination of tho dillmontm 

a„li,l„a7 i.i mr„ -iw in 1716. Ditto., wao tho author ot .nunouma 

uiatliuiiiaLicid wovltrt. 
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Taylor obtained by means of quadiuturea the approximato form 
of the curve. 

Roger Ootes was bom near Leicester on July 10, 1G82 and 
died at Cambridge on June 6, 1716, He was educated at 
Trinity College, Cambridge, of which society he was a follow, 
and in 1706 was elected to the newly created Plumian clmir 
of aatroiiomy in the iiniveraity of Cambridge, From 170i) to 
1713 his time was almost wholly occupied in editing l]io 
second edition of tlie Principm. The remark of Newton that 
if only Cotea had lived “we should have learnt somotliiug " 
indicates the opinion of Ins abilities held by moat of Ida 
contemporaries. Cotes’ writings were collected and publiHlunl 
in 1722 under the title Harnionia men$ura/l'^^m. A largo part 
of this work is given up to the decomposition and integration 
of rational algebraical expressions : that ))art which deals witli 
the theory of partial fractions was loft nufinished, but was 
completed by de Moivre. His theorem in trigonometry whioli 
depends on forming the quadratic factors of is well 

known. Tlie proposition that “if from a fixed point 0 a lino 
be drawn cutting a curve in <?,, and a point P lat 

taken on it so that the reciprocal of OP is the arithmetic iiuain 
of the reciprocals of 0<3,, tlien the locus of P will 

be a straight line” is also due to Cotes. The title of tlm 
book was derived from the latter theorem, 

Robert Smith, born in 1689 and died at Cambridge on Fob. 2, 
1768, was also educaterl at Ti-inity College, Cambridge, of whioli 
society lie was a fellow, and subsequently master. He was a 
cousin of Cotes, whose works he edited and whom he suocoodod 
as Plumian professor. His Optit^ published in 1728 is ou(' 
of the best text-liooks on the subject that has yet appeared, 
and with a few additions might be usefiilly reprinted now. 
Ha also published in l760aworfc on sound entitled Harmonic, 

Ah'aKam de Moivre was born at Vitry on May 26, 1.667 
and died in London on Nov. 27, 1764. His parents camo 
to England when he was a boy; arid his education and frioiids 
were alike English. He taught mathematics in London, and 
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wiiH iiitiuiiitiily oonuceUitl with Nowton, Halley, and other 
nmtheniaticiiuiH of the Kiigliah school. The maiiiier of his 
death hna a envioim intoniat for psychologists, Shortly before 
it^ h(* deolared that lb waa nccc-sflavy for him to sleep some 
ten inimiti5H oi' a tiuivvhiv u( an hour longer each day than the 
piveeding one : the day afUa- ho had thus reached a total of 
Homething ov.n' t.wonty-thi'eo houm ho slept up to the limit of 
tw.mty-ronr hmu-s, and then died in Ms sleep. 

ll„ is most (sdehrated for hnving, togothor with Lambert, 
fli (!ated that part of brigontanetry which d<5al8 with inmgmaiy 
(itianliUea Twt* thinmnns on thiH pirt of bho subject are still 
,l„nn(n^ted with his name: namely that which asserts that 
i hi one of the values of {mn ai-i- i oos a))", and 

dial, which gives tin* vaneus i|uadmtio factors of x^"-2px'' + l. 
Hie .-Idel’ w.>rlcs, other tluui iimaorous papovs in the P/mZO' 
Trmmv-tUmH, m The fmrim of chance 
in 17 1(1 and tin* i\linfdf<tniut analylioa published m 1730. in 
Ihn former the t]ie.*ry of vmxvvma Horios was first given, and 
Die Ih.ievy of partial fractions which Ootes premature death 
inl'l, nnllnishcl wan cnmpleK*!!, while tho ^"8 

the prohal.ility of o compound event was oiumcmted. T 
l„tiel- .inutains some theer.*mH in astronomy hosiclea the 
iidiv(ininaol,rlml pi-opOHilmns numtieiicd ahovo. 

(Uin MuolMU'lll, wlio WI.H born nt KilmodaB m 
i„ |,„|,„mvy Kiw ..n'l .U«l at Y„rk ™ 

lit till! iiuivimity of lllusRow, 1700-17U, m 171(, 

woo •fnir.rrt^oooM 

Oregllrylrhitl Maclaimn took an acUvo 

™'';717 F» 
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his De linmrm% geoniePi-ieomm., London, 1720; his Tmilw. on 
Jluxiom, Eclmbni-gh, 1742; his Accownt of Newton's discovers 
London, 1748; and Iiis London, 1748. 

The Geomariut organica is on fcho extension of a tluHinim 
given by Newton. Newton had shown that if two aiiglrn 
bounded by stoxight lines tuvn round their respective suinmhH 
so that the point of intex-aection of two of these linos inovon 
along a straight line the othor point of intersection will 
desoribe a conic; and if the first moves along a conic Did 
second will desoribe a quartic. Moclaurm gave an nimlytidul 
disousaion of the genowd thooroin, and showed hoxv by Diia 
method vaidons curves could bo practically traced. This ivurlt 
contains an elaborate discussion on curves and their iiotlalH, 
a branch of geometry which ho had oreatocl in two pioKtrs 
in the Phil Tmm. for 1718 and 1719. 

In. tho following year, 1720, Machiurin issued a supploiiK'iit 
which is practically the same ns hi.s De linecwiwi geoinQt/)'ico/i'ii.)n. 
It is divided into three sections and an appendix. Tlui lli'Ht 
section contains a proof of Cotes’ theorem above alluded to ; and 
also the analogous theorem (discovered by liimself) that “if a 
straight line 01\1\ ... dmwu through a fixed point 0 cut a 
curve of the nth degree in n points Pj, 7^^, ... and if the 
tangents at 7^,, ... cut a fixed lino Ox in points yl„ 

then the sum of the reciprocals of tho distances OA^, OA , ... 

will be constant for all positions of the line OP^P ” 'Aidhd 

two theorems are generalizations of those given by Nowinii 
on diameters and asymptotes. Eitlier is deduciblo from Dm 
othei’. In the second section those theorems are ajipUtiil to 
conics ; most of the harmonic properties connected with an 
iusoribed quadrilateral are determined; and in particular Dm 
theorem on an inscribed hexagon which is known by tho mumi 
of Pascal is deduced. Pascal’s essay was nob publislicd till 
1779 and the earliest printed enunciation of his theorem ^vaa 
that given by Maolaurin. In tlie third section these thooroina 
are applied to cubic curves. Amongst other propositions Im 
here shews that if a quadrilateral be inscribed in a oubic, luul 
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if tlui points t>f intomsotion of tlio opposite sides also lie oa 
Iho (sui'vo, tlioii tho tiwgonts to fcho cubic at any two opposite 
aiigloH of tho {jumlnhiboml vnW meet ou bho curve. The 
apiHiiidix (lontaiiiH houio f^onoml theorems. Ono of these (which 
iiUiluiloH I’ancarH lui u {Hvvbituilar coho) is that “if a polygon be 
doforiuod Hti that \vhil(» «Mich of its sides passes through a 
iixod point, itw nngles (kiivo ono) dosoribo respectively curves 
of tlio wtli, 'Mbh, ?>tli,... dogmm, then shall the ronmining angle 
(loHOi-iijo a cni'vo of tho doj'roo 2»mya.. ; hut if tho givon points 
avo liollimsar, tlni mHultin^ ourv(» will only bo of the degree 
innp ... ropvhitod with additions in the 

riiU, Tmv.». for 17115 . 

M'lio T-i'mlm of Jhmionn pubUalicd in 1742 was the first 
Hystmiintio oxpoait'um of this iinithod. To the pure calculus 
ho aildod (ho tlioorom Clint 

/(«) /(i))K./(o)+^-,r(o)4 . ... , 

'I'liiswiiH olitainod in tlio mimuov givon in most modern text- 
1 ,o„Uh by nHHuming tlmt ./» can ho expanded in a form 

/{(«) y|„.|-yl,tt:-i'yl,a;“ + ..., 


Llum on dilVi'i'onaatinK ami putting «j = 0 in tho aucoessiye 
n, mills, tin. vah.oa o£ ... nro obtainod: but he did 

not inv.mtigato tlm convorgoncy of tho acncB. Maolauim 
,dm. uiiv.i iho convet Uioory <>f n.axinia and minima, and 
ndoK for lindinK nnil dmcriiniiuaing multiple points. 

'I’hiM troutiHO is howiwm- oapoemUy valuable for the sola- 
bimm it ooi.tauiH of uunmrouH problems in geometry statics 
tlio theory of nttrmitioim, mid astronomy, lo solve these be 
l „lu™i.a «ud ,.owh>l did the.o pr. 

„„„„„„ wli.m UH.»l l.y Imn tl„a Otamut 
^n^.k ukundunud .u.ulyHiH, and .at«ol«d tho Fo" 

..!■ Uio oorth n«ai.. l.y povo Boo.>»‘>7. At ^ 
tL pi.i't .if Hi.' I.<»'I' dowinbod by ^ 

d'.ouv.'o do pout eomporov il lout oo qu AioU 
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iiiferlo 110118 (I laifiHU do iihw lion,. ,i,. . , 

d^VAml. ,h ,Mln, 177, 

attraction of n l.omoRoiLonH " ""''''""I'"' 

»n,lgavo»o„n,tln«n™,!; on "" 



aul,ioot in 17.s;t („„„ „ .'iV' r 
gonrona liqui.l ,,.t„ti„„ j"'' 

eontro of mnH». Ifinally il.i 

lioon previonaly |,uliliHli,,,| (ii, |7.U)),iii,i li.iil' "" ' ■ "l‘ I'l"" ■" 
lioin tl.o IWI, Aomloiny. ^ ""'1'™' 

in f'f':'] 

coiitiUiiH thuv«8ult8o(’Hmiit)orn-Iv , Anfhuuiv', l(, 

of two writtou in J72U m.d ITon ! "■diihfv 

- 0 t 8 ofauo,uaU:nI“i^ 

Ming o,uarc:i:; 

treatise onbitlod L 

ffeiimdibrn mm ml, I,., I '[','"'•""‘1 -"'''V'''"''""''"'' 

papor of 1720 nl,„v„ «< t'", mini,, „« tlm 

tlioorems of great oloifaiico M* i ^ "ililitinnid 

nn exposition of tin, N,nvto„im,'“! n^'' "i'"" r'"''"""'' 
pi’intocl till 1748. Allnm^ m ^ ''Ut tliin ivhh moI; 

l^'intecUu tlw nu. ^Vfws. 

t’onn of a lioo’s coil IVom „ nmfi "'liioJi Im diHeiiHHod Mm 

eigliteentli century, hnt his n(Iu m '>f' M>'’ 

ahandoning tlio us,, b„t]I „f Uy 

calculus 1,0 inclucod Ntnvtou’a arV^'” '"'''‘'^''■^’’”“1 

calves to'Nowton's m«tli,HWmI t 

until 1817 whon tho Vilfom II 

uiHomitml oalculuH was intro.Uierd 
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into tho CambviclgQ cumoulum tliat English mathoinaticians 
nmclo any gonoral uso of fcho nioi-e powerful niothocls of modern 
annlyHis, 

Almost the only otlior .British writer of any marked omi- 
noncci ill puro mathematics during tho eiglitcoutli contnry was 
Mailhm Stewart who sncccodod Kaclaurin in his chair at 
Edinhnrgh. Stowurt was born at llotlmy in 1717 and died 
at Edinburgh on .Tan. 23, 178fi. Ho studietl undor Sinison in 
Glasgow (son fbot-iiofco p. 49) and subsequently nnclor Mnc- 
luurin. {rJtowiU'b’s ohiof works were General theorems... ^ Edin- 
burgh, 17'1-G ; Tmcls phyaiaU and malJmmlieal, London, 1761 ; 
2*ropQsUiones (leomGlriFJV. move vet<yi'nmi deniotistvaCce, Edinburgh, 
17(l3j and A solniion of I{eplnr*« jn'ohtem, Ediiib. Phil. Boo. 
1771, TIk'so prove liim to have been a nintheniivtician of groat 
iinLural ptiwoi’, but unfovtuimtoly ho followed tho fnBhion sot 
by Nowkon and Maolatirin, and conlined hnnsolf to goomotrioal 
inobhods. Tile General Iheorems contain many of tho results of 
iiiodorn geonioLry as appliod to tho circle and stmiglit lino, and 
innst of the nlcmiontary properties of tranavor^inls and involu- 
tion. His tlieoroins on the problem of three bodies and other 
(lUCHtioiis of phystoal nstronoiny are singularly ingenious. 
Matthew Btowiirt was in his turn sncccodod in 177/5 n,s pro- 
fessor of inivtliomaticH by his son Jliigald Stewart, the colobratod 
pliiloHopher. 

Another English matheinatioinn of tho same date, wlioao 
writings served ns Htarting])ointsfor tho roKoni*choR of othors, was 
John Landoii who was horn iionv Potorboi'ough on Jan. 23, 1719 
and died at Milton on Jan. 15, 1790, Eulor and Lagrange 
eomniencod tlioir disenssion ef elliptic integrals by considoring 
liis blioorem puldislied in 1755 comiooting tho arcs of a hyper- 
bola and an elli|moj while lAgi’iuigo’a Cfdcul des foncliom h 
buHod on tho ideas contained in Iris Mcstidual analysis pul)HHlicd 
in 17(14. His writings on puro matlminatios are auggestivo 
rablier than powerful j those on applied mathoinubios aro wortli- 
less. 


CHAPTER XVIII. 


I.AGIUNGE, LAPLAOK, AND THEtR CONTEMPOllAllIlCS 

CIUC. 1740—1830. 

aiiCTToK 1. 'I'ha dovdopmunt of analysis and mcahanm. 
bi'.oi'iON 2. 'J'ho oroulion of modern gcomotry, 

Section 3. The development of matkemaiioal physics. 

Section 4. The introduction of analysis into J'Jngland. 

_ I HAVE iiulicatcd in clmplor xvi. tlio naturo of the rovnlutiou 
in mathoinuticB ofToclod by Now ton’s work botwoim t}io vtmi'K 
1600 ami 1086. Wo may Hay Unit it was not till about Uui 
year 1740 that liU clmcovoiics wore thoroughly undovHtood and 
assiniilrttod by inntliomaticiana, and a coiiHidorablo part of tho 
last oliaptor deals with thoso who hoipcd to inalco thorn appro, 
dated. Wo como now to niathomabicians who hogau to build 
on the foundation ho Jiail laid. 

Pro-oniinont among tho Hiilijoots oonsidored by NowUm 
worn the infiintosimal calouliw, inoohanics, univoraal gmvitaUiiii, 
and optics. I’ho fimt of these had boon oxtondod by tho labours 
of laylor and Maolamin in England, but the Iluxional notation 
wluoli tlioy used was inconvoniont for many purposes. On th,, 
conbiuont under tho influenoo of John BornouilU tho caloulus 
had bocoino an instruniontof groat analytical jiowor oxprosaod in 
an admirable notation— and for prootical applications it is iiii- 
possible to ovor-ostimato tho valuo of a good notation-luit 
tho contiuontal aohool had conanod thomsolvos almosli entirely 
to obtaining a thorough knowledge of tho difforontial and 
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intogral calciihia witlioiit considering the uses to which it could 
bo put. The siibjecfc of mechanics remained very much in the 
coiulition in which Newton had left it, until d’Alembert in 
putting Newton’s results into the language of tlie differential 
calculus did something to extend it, TJuivei^al gravitation as 
oiuineiatecl in the Principia was accepted as an established fact, 
but the geometrical methods adopted in proving it were difficult 
to follow, or to use in nnalogoxjs problems; Maclaunn and 
Clairaub may bo regarded ns tlio last mathematicians of any 
distinction who employed them. Lastly the Newtonian theory 
of light was generally received as correct. 

The leading mathematicians of the era on which we are 
now entering are Euler, Lagrange, Legendre, and Laplace, 
liviofly wo may say that Euler exteude<l, summed up, and com- 
pleted the work of his predecessors; while Lagrange with 
almost unrivalled skill developed the infinitesimal calculus 
and theoretical meclianics into the form in wliicli we now 
know tliem. At the same time Laplace made some additions 
to tho inlinitcsimal calculus, and applied that calculus to tlie 
theory of miivoi-sal gmvitabion ; he also created a calculus of 
probabilities, Logondro invented spheiical hmTnonic analysis, 
and elliptic integrals; and added to the theory of numbers. 
Tho works of those writers are still standard autliorities and 
arc hardly yet tho subject-matter of history. I shall therefore 
content myself with a more list of their chief discoveries, re- 
ferring any one who wishes to know more to the works them- 
selves, Lagrange, Laplace, and Legendre created a French 
school of mathematics of whidi the younger members are 
divided into two groups ; ono of which (including Poisson and 
Fourier) began to apply raathomatioal anal)^i3 to physics, and 
the other (including Monge, Carnot, and Poncelet) created 
modern geometry. Strictly qjeaking some of the great mathe- 
maticians of recent times, such ns Gauss and Abel, were con- 
temporaries of tho above; hut tlieir analysis is of a different 
olinraoter, and except for tliis romai-k I defer any consiclora- 
tion of thorn to tho next chapter. 
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The development of analysis and mechanics. 

Leonhard Euler was born at Bale on April 15 1707 i 
died at St Petersburg on Sept. 7, 1783. He was the son of 
a lutherau minister who had settled at Bide, and was educnt,.<l 
in his native town under the direction of John Bernoiiilli 
with whose sons Daniel, and Nicholas ho formed a lifo-loiiLr 
Meiidship, When the younger Beriiouillis went in 1725 to 
Russia on the invitation of the empress, tliey proomed a 
place there for Euler, which in 1733 lie exchanged for tho 
chair of mathematics then vacated by Daniel Bernouilli. IPIm 
seventy of the climate affected his eyesight and in 1735 ho 
lost the use of one eye completely. In 1741 ho moved to 
Berlin at tho request or rather command of Freclericlc tlio 
Great: here ho stayed tUl 1766, when he returned to iimm 
and was succeeded at Berlin by Lagmnge, Within tiv'o or 
three years of his going back to St Petersburg ho booaiiiii 
blmdj but in spite of this, and although his house togothnv 
with many of his papei-s were buimt in 1777, ho recast and 
improved most of his earlier works. He died of apoplexy in 
1783, He was married twice. 

I think we may sum up Euler’a n-ork by saying that lii. 
revised the analysis of all the parts of pure matliomaticH 
which were then known, filled up the details, added jiroolH, 
and arranged the whole in a consistent form. Sucli work is 
very unportaut and it is fortunate for science whon it fuliH 
into lianda as competent as those of Euiei'. 

Euler wrote an immense number of memoirs on all IciiidH 
^ mathematical subjects, the mei*o enumeration of which in 
Fuss’s* dloge occupies 51 i)agGa. His chief works aro as 
follows. In the first place he wrote in 1748 his Introduclio in 
analyain injinitorum, which was intended to serve as an intvu- 
duotion to pure analytical rnatlieraatics. This is divided into 

looi^ ™ at St Peteraburw In 

Bubseciuently was appoialttl 
assistant to Euler. He wrote on spherical conios and on Hues of ourvatmo. 
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bwi) piu’tH. Tho (h’Ht conttiins tho bulk of the matter which 
in to ho Eonml in inotloru toxt-books on algebra, theory of 
oijuatioiiK, uiul trigonoinotry. In this ho |)aW particular atten- 
tion to tlin (jxjianHion of various functions in series, and to 
tli(i Huiiimiitioii of given sorios; and for the first time we 
llml tho ruin laid down that uii infinite series cannot safely 
ho omployod iiiiIohh it is convorgeut. In his trigononiotiy, 
iiiuoli of wiiioh is founded on 0. Mayor’s Arithmetic of sines 
jiuhliHluid in 17^7, he developed tho idoa of John Bornoailli 
that tlio HuUjdob was a branoh of analysis and not a mere 
appi'inlago (tf iistronoiny or gooinoUy ; ho also introduced the 
{im'i'oiit ahhi'oviatioiiH* for tlio trigonometrical functions, and 
showed tho eouiiection botwoon tho trigonometrical and ox- 
lioimiitiiil funotinuH, Jfero too wo first moot tlio Byinbol tt 
used to doiioto tlio incominenKurablo number 3*141130 ... . 
This <iuimllty likt' that donotod by tho huso of Nivpioviau log- 
iiritliiiiH wiiuhl ontor Into lunthoniatioul analysis from what- 
ovor aide tlie Hul«joot was approaoluxl \ it ropimmts among 
uliu'i' IhingH tho ratio of the olroumforoiice of a circle to its 
iliaiiioLm', hut it is a more aocidont that that is taken for its 
delliiitiou. Dci Morgan in tlio liudyel of pamdoxes tolls an 
imeiidolo whioh ilUmlratcm how mwleadlng such a definition 
might, he, Ho wuh oxplaining to aii aokmry what was tho 
clmiire that a wirtaiu proportion of soino group of people would 
lit the end of a glvtm time ho alive; and (piotocl tho actuarial 
fenmda invtdviiig tt, wliioli in answer to a qiiostiou ho ox- 
pldined sUmd ler the ratio of tho ciiHmmrorenco of a civclo to 
Its iliaiiieter. Ills acinmintniico who hud so far liatenod to tlie 
exiihuiuthm witli intorest iiiterviipted hiiniuid oxclaimod, " My 
dear IVimnl, lliat iiiUHt hu a dohisiou, what can u oirole havo to 
«lo with tho nuiahor of people alive at tlioondof agivon timel ’ 
'I'liii smumd part of the Inli'tttlmtm ia on analytical goomotiy. 
hhilor eoiiimoimiMl this part by dividing ourvos into algnbmical 

• 'J'Ismtt weio HimuUimeoMBly Intwwlucod in lihiRland by Thomas 
(hovii at Ihisworth In 1710 and diod at Woohvioh, wlioro ho 
wiui a iiuil'e^iaer, in 17«1) in hia Trigommelry publishort in 17'i8. 
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and how th03- ,„ay ho .liaorio.ioatod L fr o „ " ^ 
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(iiu'licHt iitlioinjit hi hiniijjf hn-tinmH (jurvoH mid Hir, 
aiu'fti(!(!n witliiu tlm domain of inatlmimituH " 

■I lin w«8 foI|(iwo,| In 175/5 },„ fi,,, r r. ,■ 
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■was first effected by Lagx-ange in 1769. The inetliocl used by 
Lagrange is described in Euler's integral calculus, and is the 
same as that given in any modem text-book on the suljjeot. 

In 1770 Euler published the AiHeilimg zw Algebra in two 
volumes. The first volume treats of determinate algebra. This 
contains one of the earliest attempts to place the fundamental 
pr’oeesses on a scientific basis; tlie same subject had attracted 
d’Alembert’s attention. This work also includes tlie ])roof of 
the binomial theorem for an unrestricted index which is still 
known by Euler’s name ; it is curious that it should have been 
iusertod here, for not only is it not correct, but the easiest 
elomentavy proof tliat has yet been propounded had been 
published (I think in 1764) by Abnit Vanderaiondo (1736 — 
1703) and must have been known to Euler who had himself 
pointed out the necessity of considering the convergency of an 
infinite sovios. The second volume treats of indeterminate or 
iDiophantiuo algebra. This contains the solutions of some of 
tlio problems proposed by Ecrmat, and which bad hitherto 
romainod unsolved ; in particular those mentioned above on 
p, 20 1 (a) and p, 262 (e). A French tmnslation of the algebra 
with numerous and valuable additions was brought out by 
Lagrange in 1796; and a treatise on arithmetic by Euler was 
iippondod to it. 

[fhoso four works compriso most of what Euler produced in 
pure mathomatics. Ho also "wrote numerous memoirs on nearly 
all the subjects of applied mathomatics and physics; the chief 
rosults in thorn are as follows. 

In tlio mechanics of a 1 ‘igid system he determined tlie 
gonoral oquations of motion of a body about a fixed point, 
which are ordinarily written in tlie form 

and lie gave the general equations of motion of a free body 
whicli are usually presented in the form 

“ {mu) - mv$j^ + nmOg = A, and = A 
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He also defended and elaborated the theory of “Ipnof .. c .. 
which had been px-opounded by Maiipertuis {born at St" A 1 ' i 
in 1698 and died at Bale in 1769). ^ 

In hydrodynamics he established the general eouatln.^ r 
motion which are commonly expressed in the form ' 

du du 
dt 

At the time of his death he was engaged in writing a tmitimi 
on hydromechamcs m which the treatment of the subject wniil,] 
liave been completely recast. 

His most important works on astronoiny are his Thm-hi 
?HO«?iwnip?a}ie«a»*utne<cowefiM-MWi, published ml744- 

bodies: he a„i,,«,sed tho body comidered, e.g, the imioil, l„ 
carry three reotangular axes ivitli it in its motion, tho u.vri 
raovmg parallel to themselves, and to these axes all tho molloia 
were referred This method is not convenient, but it was froi., 
Eulei 8 results that Mayer* constructed the lunar tablon fm 
which Ins widow in 1770 i-eceived £5000. being tho prize nf 
terecl by tho English parliament, and in recognition of Euhir’H 
services a sura of £300 was voted as an honorarium to Inm 
Euler was much interested in optics. In 1746 he discuHsr.l 
the lelative ments of the emission and undulatoiy thoorioH »!’ 
ightj he on the whole preferred the latter. In 177J 

published his optical researohes in three volumes under tlio 
title Diopt'i'ica, 

He also wrote an elementary work on physics and tlii< 
lundamental pnnciples of mathematical philosoi>]iy. This ori.. 
|nated from an mvitation he reeoiveil when he first wont lo 
Herhn to give lessons on physics to the princess of Anhalt- 
Dessau. Ihese lectures were published in 1770 in 2 vola 

director ^702, wittf 

other fton ®"8b8h obscrvatoiy at Gottingen. Most of his raomoiiH, 

^ ™ 1775 under the title Opmt 
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under the title Leiivea...8iir qud^m sujets de physique..., and 
for lialf a century remained the beat treatise on the subject. 

Tliero ia no complete edition of Euler’s writmgs, 

Of course Euler’s nmgnificent works were not the only 
text-books containing original matter produced at this time. 
Amongst numerous writers I would specially single out Lam- 
herty Bezant, Landen, Trmihley, Arhogasie, and Lhulier as 
having influenced the development of mathematic.^. Lancleu 
has boon already referred to (see p. 363). 

J ohunti Heinrich Lambert ■* Avas born at Mulhouse on 
Aug. 38, 1728 and died at Beidiii on Sept, 25, 1777. He was 
tlio son of n small tailor, and Imd to rely on his own efforts for 
Ilia education; from a clerk in some iron-works, ho got a place 
m a nowspapor oIRce, and aubaoquontly on the recommendation 
of fclici editor ho was appointed tutor in a private family which 
socui'ed him the use of a good libi-ary and suiRcient leisure to 
use it. In 1759 ho settled at Augsburg, and in 1763 removed 
to Borliii where ho was gii'en a small jiension and finally made 
editor of tho Prussian astmnomical almanack. His most ini- 
porlaiit works were ono on optics issued in 1759, Avhich sug- 
gostod to Arago tho lines of investigation lie subsequently 
pursued: a treatise on perspcctivo in 1759 (to which in 1768 
ail appendix giving practical applications was added) : and a 
treiLtiso on comets in 1761, containing tho well-known ex- 
proHsiou for the area of a focal sector of a conic in terms of 
the chord and the bounding i-adil Besides these ho comniuni- 
catotl numerous papera to the Berlin Academy of which the 
most important aro tlie following: namely, his memoir on 
tnuisoondcntal magnitudes in 1768, in ivliioli ho proved that ir 
is inoominonsurable (the proof is given in Legendre's G^ometHe 
and is there extended to ir*): his paper* on trigonometry read 
ill 1768, in which ho doveloped de Moivro’s theorems on the 
ti’igoiiomotry of complex vM'iables, and introduced the hyper- 

* Sco L(tMhe7't moh souiem Leben wtd IPtrfcctt by D. Hubor, BAle, 

ia20. 
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bolio Bi.ra ami coHin,, l.y n,„ 

Ills ossiiy siititliiil niialytical nl,H„i.vati.,.,s inihliHli,.,! i , 1771 ' 
wliioli is ti.a aai-Iiast atCa,„,,li t„ i,! 

oxpreBsniK tiu, f,ivan i.ro|„„.ti,.a i„ th„ , .i,,. ; 

ontial oalciiliiB ami U,,,,, intaKi-atii.;;; iaatly I,ia ,,a|„„, „„ 

viva ,.,ibl,al„.,l ,11 17811, i„ wl,i.,l, r,,.- tlm (ivat 
liimsaii Nmvtai'a Ia,v „f 

(liiruumtial (.■aloitliia in tim iimiumr Kivun abiiva uii ii, llll. 
Most oi Jaunborta iiavliai- paiaira ai-n onllaotial in Im jLfnl./r 

jS'lwmio Biizoiit, bom at Niimira™ 011 Maroli 1 ) 1 , | 7 ;i() „||,| 

lodon S„,,t. 87, 17M, boabloa n.ino,. ivo* il 

M«me ,ta al.jM.riqtm pnlilialiml „t j„ 

mj ivliio I 111 iiai'tioular contaimal i„„ol, mnv ami viilmibli. 
mUoi- on tlio tlmory o( oliwination „ml ayninmti-ioal rinml.iooa 

SooffR mil'''''’’'’, "* "" 

Sopt. 18, 1811, oontinlmtod to Ibo ilovolopmont of , li/lb, 'onlial 

oqnationa, iimto iliffomnoos, ami tim mio.tliis of pmbabiliUoa, 

.imM Arboeasto, bom at Monlzig on Out. 4 , 178!) ami iliial 

tlio symbols of opomtion from Uioho of (nmutity ^ 

see ,1 0 r Tt‘ 

0 , f a '“’, ""” 0 "* 1 ™''''”"' Ho was ,,m. 

tasoi at Qoiiova wJun-o Sturm was ono of bis pupils. Mo 
wioto numoroiis toxt-books. ^ ^ 

wiio^ birir'i' 'r '"7"' '7 "f 

m ail , ““ “"I'j™''. ''"t l'"vo 

“i ^vbM. tiloy troatoil won, so 
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coinplott) iiiul far reacliing that there was but little left for 
thoh* loss gifted oontQmpoi*ainos to add. 

Whilo diacussiug tho mathematicians of the end of the 
ciightecinth coiitury I ought to mention Moacheroni’s curious 
troatiso ou the gjjouietry of tho compass published at Pavia 
in 1 7 on. Euclid had supposed that his readers had the use 
t)f a rukir and a pair of compasses. Lorenzo Maacheroni (who 
wiiB horn at Castagneta on May 14, 1760 and died at Paris on 
d uly 30, 1800) set himaolf tho task to obtain tho same results 
whan no other construction oxoopfc such as could be made with 
a pair of compaHses wau allowofl. Oivrdan and Tavtaglia had 
uinuHod fcliomaolvca with Himilar problems •, but Mascheroui’s 
wttrlc Ih so oxtmoi’dinary a tmir de fovea that it is worth 
uhi'<miolhig. llo was professor lirst at Borgama and afterwards 
at Pavia, and loft nuinorous minor works. 

Jmn 2 th Louis Lagrange, tho greatest mathomatician since 
tlm time of Nowtou, was born at Turin on Jan. 25, 1736 and 
died at Ihu’itt ou April 10, 1813. His father who had the 
olmvgo of tho Biu'diniau military chest was of good sooial 
poHition and woaltliy, but before his sou grow up he had lost 
most of liis property iu speoulatioiia, and young Lagrange had 
to ndy for Ins position ou his own abilities. Ho was educated 
at tlu) cnllego of Turin, but it was not until ho was seventeen 
that ho showed any tnsto for mathoinatics : his interest in tho 
Muhjoot being hrst oxoitod by a inomoir by Halley {Phil. Trans. 
Yoh xvin, p. 300) across wlnoli ho camo by acoident. Alone 
and unaided ho tlivow liimsolf into iiiatliomaticnl stuclies, and 
at thik <jnd of a year’s incessant toil ho was already an ao- 
conipUshed niatliematioian, and was made a lecturer in the 
artillery school, 'ilio lirsb fruit of those labours was lus letter, 
written wluni ko was still only niuotoon, to Euler in which 
lio solved Urn iHeporiinotrioal problem which for more than half 
a ctniiury liad been a constant subject of discussion. To odect 
tlio Holutien (in which ho sought to doteimine the form ot a 
Cimotion ho that a fonunla in which it entered shonld satisty 
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a certain condition) he enunciated tJie principles of the > 1 
coins of variations Euler x-ecoguh«d the generality of ih. 
method adopted, and its superiority to that used by Ijir.im-ll • 
and ^nth rare and graceful courtesy he withheld a iiannr I.,! 
had previously written, which covered some of tho samo unanvl 
m order that the young Italian might have time to cnmH.tn 
Ins work, and claim the undisputed invention of tho now cid 

by Euler. ih,a memom at onco placed Lagrange in the front 
lank or niatliematiciana then living, 

I« 17S8 Lasp-ange eatobliahecl with the aid of i™ |,„|,il. 
a society, wind, wae eebsequently incorporated ns the T,„i„ 
Academy, and m the Sro vohunca of its tmiisnotioiin, ininiill, 
known as the Jt/iscelknea 2Wunnensia most of Imh onrl’v 

voiks, The first volume contains a memoir on tho „|‘ 

made by Newton, obtains the geuornl differential hr 

his vohinie also contains the complete solution of the pmid 

f a snug vibrating transversely j in this paper he point 

Tsli* f m the solutions previously given hv 

that the foira of the curve at any time t is given liy 

equation ^ = o sm ma, sin «(, The article concludes w((h e 
mas erly discussion of echoes, beate, and compound la. 

0 her articles m this volume are on recurring sorios, probe, 
bihties, and the calculus of variations 

resuhs'nf r“' “ ‘““8 ™bodyi„g Me, 

“rt 1™ “d le illustrahiH ila 

soTufens of ® 1 “ ’’”"“P’“ -‘i™. “d 'dsn hv 

solutons of several problems in dynamics. 

iroblcl h ™'™" ™>"des the solution of several dyiminimi 
n th “ te77TT7°'*’“ =o»>o papers 

egralcalcnlus : a complete solution of Eerraat'sprohUun 
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given above p. 262 (g), of wbioh 'Wallis had previously given 
an empirical solution : and tlie general differential equations of 
motion for three bodies moving under their inutnal attractions, 

In 1761 Laarauge stood without a rival as the foremost 
mathematician living; but the nuceasing labour of the pre- 
ceding nine years hud seriously affected bis health, and the 
doctors refused to be I'esponsible for his reason or life unless 
ho would take rest and exeixise. Altliougli his health was 
teinporavily restored liis nervous system never quite recovered 
its tone, and hencefoitli he constantly suffered from attacks of 
profound melanoholy. 

The next work he pi^oduced was in. 1764 on the libration 
of the moon, and an oxjdanation os to wby the same face was 
always turned to the earth, a problem which he treated by the 
aid of virtual work. This memoir was crowned by the French 
Aoadomy. 

IIo now started bo go on a visit to London, but ou the 
way fell ill at Pavia. Hei*e ho was received with the most 
marked honour, and it was with regret he left the brilliant 
Hooi.oby of that city to return to bis provinoinl life at Turin. 
ITis firrther stay in Piedmont was howovor short. In 1766 
Erilcr loft Berlin for Paris, and Frederick the Great im- 
mediately wrote expressing the wish of “ the greatest king in 
Europe” to have ^‘tho greatest mathomntioian in Europe” 
rosidont at bis court. Ijtigvange accepted the offer and spent 
the noxt twenty years in Prussia, where he produced not only the 
long series of memoirs published in the Berlin and Turin trans- 
actions but his monumental work tlio M^canique analytiqm. 
1-Iifi residence nt Berlin commenced with an unfortunate mia- 
tako. Finding moat of his colloaguea married, and assured^ by 
thou' wives that it was the only way to be happy, he married. 
I-Iis wife soon diod, but the union was not a happy one. 

Lagrango was a favointe of tlio king, who used frequently 
to discourse to him on the advantages of perfect regularity of 
lifo. The lesson wont homo, and tlienceforth Lagrange studied 
his' mind and body as though they were machines, and found 
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hy ox|)(,rin,o,ifc tho exact .imount of woi-k wliioJi lio wus iiM., i. 
tlo Avitlioub bmkiug down. Kvojw ni-rlii; ]„, ur.i- i ’• / 

of a .uhjco 1,0 wrote a ahort analyaiH to hch what ,,oini i„ 
clo.nonatrationH or in the Hul,ient-u, utter were ea lie 'm' : 
piovemenfc lie ulwaj-a thought out the Huhjeut of liin 
inloie he heu.m to eojnjtfwe tlieuj, and UHiuillv w,-eh. M 
Htraight ell' without a Hinglo eniHure or oorreotioii 

^ot rurdtn:r''*v'"i^ 

ho centrilmted i„, tween one and two hundred i,iii'.erM» 
-AcadenueH of Berlin, Turin, and Paria Mnny o ' (1,.. „ 
0 complete tD,atmaH, and all without oxcepthnr are el | 

O il '111 "U avomRc, nlimit ,m« momoir a I, 

(1700-17 'u r; "'"', ““1 'l™> 

mo,t ‘"'i 

so aa to give the niont probable roHult. And lator hia 

aSm 'oV'ho"T "''a of ’the t, 

contrilnM 1 ' to tl.o Jlrat of which he 

It '““■‘“'I >'y 

«ol« I 1 . '“.T’''' “‘“'•‘“I"'"' by iaiinii,, 

Mn« r M " "'1’™“"'“" f™' "'I'ii'l' it i» »ai0ablo, 

q«oS» i, dV"‘’”“'’M '™''“ 

111, ™;. 1 H T '”"’ ‘o 

problem of ll’o , ™“'‘y "" 

luouu.m ot tJu-oo botlies in 1772 Ioh n i 

filiation of the moon in 177^ i* i Hi'Ouliir 

liortarbatioos 177B ,IP^‘ on oomolmy 

m-OMOHod hv Hiv If *1 f ^vritton on sultjecln 

lowovo. ooutabutod to tho Win Aondomy. Soyoral of Olio 
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oarlioi’ of thoin deal with qiiesbioTis on algebra,. In pai ticiilar 
I may mention (i) liia discussion of the solution of indetermi- 
natu oqiiubiona in integora (1770) ; witli special notice of inde- 
tovmiiiato quadratics (1760). (ii) Hia tract on the bheoT'y of 
< 5 liminatiou (1770). (iii) His motnoiva on n general process for 
solving an algehraical equation of any degree (1770 and 1771); 
tliis motliod fails for equations of an order above the fourth, 
l)euauH (3 it then involves tho solution of an equation of higher 
lUnKinsiona than the one proposed ; but it gLve.s all the solutions 
{if his predeofiSHors ns inodificiitionH of a single principle. He 
f’cnind however tho coinplcto solution of a binomial equation of 
any dogreo, (iv) Lastly in 1773 ho treated of determinants 
of tho H(50ond and tldrd ordoi*. 

Hovoral of his oa»’ly pai>ovs also dual with questions con- 
ntnsUid with tlio noglootod hut singularly fascinating subject of 
tho thaonj of numbo'a. Among those aro (i) his proof of 
Md/.ivlao’H thwoi'oin that OV 017 integer which is nob a square can 
bo oxpvosHcd ns tho sum of oithor two, thi'oo, or four integral 
HquavoH (1770). (ii) His proof of Wilson’s theorem that if « 
1 m> a prime thou | n - 1 + 1 is always a mnltiplo of n (1771). (iii) 
lids inoinolrs of 1773 and 1776 which give tho demonstrations 
(i£ tnauy of tho results omiueiatod by Format, in particular those 
iudi(jnfc<nl by tho letters (c). (rf). (e), (/) on p, 262. (iv) His 
inoinoir of 1777 in which ho showed that tho equation 
(0* if »■* cannot bo solved in i)Osltivo integers, seo p. 262 (i). 
(v) And lastly his mothocl for dutermining tho factors of 
nuinbors of tho form Tho aubatanco of those domon- 

Ktratiuna will bo found in tho I'lieory of Nuvibora by P. Barlow, 
Loudon, 1811, 

Thm-o aro also miinorons arfciolos on wiouH points of amhj- 
iiotil gooinclrg. In two of tlioin (in 1792 and 1793) ho reduced tho 
(KpmtloiiH of the quaddoa or coiiicoids to thoir oauonical forma, 

During tho yoivra from 1773 to 1786 ho contributed a long 
HorioH of inomoirs wliioh ci’catod tho soionco of differential 
iitmalionH, at any rate as far as partial cliflbroutial equations 
aro ooncornod. I do not think that any previous writer had 
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(lone Jinything beyond eoiLsideiing equations of some pnrtionlai' 
tom, A largo paa-b of tlioso results were collected in tlu, sceoiul 
edition of Euler's integitU calculus which was published in 1702 

His papers on mecluinics require no special mention as (C 
results arrived at are embodied in the lUcanique analylvm-. 

-Lastly tliero are numerous memoirs on proliloiiiH it, 
astrmomij. Of these the most important are the followintr 
(i) On the attraction of ollii^oids (1773): this is fonndoil ,m 
Maclaunn’s work, (ii) That in which the motion of the nodii,, i,f 
a planet's orbit is detoimined (1774). (iii) On tlio stability of 
fcho planetary orbits (1776). (iv) Those in which tho metlu,:i cf 
doterminiug tlio orbit of a comet from throe observations i« mn- 
pletoly worked out (1778 and 1783) : this Jms not iiuloml prev.d 
praotically available, but his system of culoiilating tho imrtuihu' 
tiona by means of mechaiucal quadratures lias formed the IjiiHiti 
of all subsequent researches on tho subject, (v) Ilw (lotoriiii* 
nation of tho secular and periodic variations of tho oleiiK'iUs 
of tho planets (1781—1784): tho upper limits n8.sign(nl lur 
these agree closely witli those obtained hvtor by Lovorrior, and 
ho proceeded as far as tho knowledge then possessed of the 
masses of tho planets permitted, (vi) Those on tho nudJnul 
oMnterpolation (1783, 1792, and 1793): the part of (inita 
dilTerencos dealing therewith is now in the same condition as 
tliat in whicli I,»agrange left it. 

Over and abovo those various papera, ho coinpoaod bin givat 
treatise, tho MSeanique analytiqxw. In this bo lays down Mm 
aw of virtual work, and from that one fundamental priimipla 
by tho aid of the oaloulus of variations deduces thn wlmla 
of meohnnics, botli of solids and lUnds. Tho object of Ihn 
book 18 to show tliat the subject is implicitly included in a 
ainglo principle, and to give general formulro from wliioli any 
particular result can be obtained. The method of gonomli/.id 
coordinates by which lie obtained this result is porhaps Mm 
most bnllmiit result of his analysis. Instead of following Mm 
motion of each individual part of a material systoiu, aa 
d Alembert and Euler hod done, he shewed that if wo dolor- 
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mine its configuvation by a auflBcient number of variables, 
whose number is the same i\s that of the degrees of freedom 
possessed by the system, then the kinetic and potential energies 
of the system can be expressed in terms of tliese, and the 
differential equations of motion thenco deduced by simple 
differentiation. Ifor example, in dynamics of a i-igid system 
he replaces the consideration of the particular problem by 
the general equation which is now usually written in the form 

di 3^ dO^ dO 

Amongst other minor theoi-ems here given I may mention the 
proposition that the kinetic energy imparted by given impulses 
to a material system under given constraints is a maximum. 
All the analysis is so elegant that Sir WilliRni Eowan 
Hamilton said the work could only bo desciibed as a scientifio 
poem. It may bo interesting to note that Lagrange remarked 
that meohanics was really a brnneh of pure mnthematdos 
analogous to a geometry of four dimensions, namely the time 
and the throe coordinates of the point in space. At first no 
printer could bo found who would publish the book; but 
Legondvo at last persuaded a Paris firm to underbake it, and it 
>Yas issued under hU suporvision in 1788. 

In 1787 Prederiolc died, and Lagnmgo who had found the 
climate of Berlin very trying gladly accepted the offor^ of 
Louis XVT. to migrate to Paris. Ho received similar invita- 
tions from Spain and Naples. In Fmnce he was received with 
every mark of distinction, and special apartments in the Louvre 
were prepared for his reception. For the first two years of his 
residence here he was seized witli an attack of melanclioly , and 
even the printed copy of his MecJianies on which he had 
worked for a quarter of a century lay for more than two years 
unopened on his desk.' Curiosity as to the results of the 
Frenoh revolution first stirred him out of hia lethargy, a 
curiosity which soon turned to alarm as the revolution de- 
veloped. It was about the same time, 1792, that the 
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imacoouutable sathiess of liis life and hk timidity moves! tlm 
compassion of a young giid who insisted on manyiim l,im i 
proved a devoted wife, to whom ho became warmly all,u,li,,l 
Although the decree of October 1793, which ordered all foreigums 
to leave Prance, specially exempted him by nnmo, ho was 
paring to escape when he was offered the presidency of the .mi- 
mission for the reform of weights ami measures. The i-hutnt uf 
the units finally selected was largely due to him, ami it wn 
mainly owing to his influence tluit the decimal subdivision 
accepted by the commission of 1799. The general idea of llu. 

decmial system was taken from a work by Thomas William - 

titled MtUtod... for fixing anunimrsal standard for wmilils wi,l 
msosures, published in London in 17SS. Tliis almost nnknowi, 
wnter has hardly reeeived the ei-edit duo to his sua'OHtion. 

riiongli Lagrange had dotoi-mined to esonpo from Friitiw 
while there was yet tirao, he was never in any daiiuor ; mill 
tile chirerent revolutionary governments (and at a latar liiao 
Lapoleon) loaded him with honours and distinotions. A 
striking testimony to the respect in wliieh ho was I, old was 
shewn in 1796 when the French commissary in Itiily win 

the'coi Ill'll I'ln'li-i' 

son who had done honour to all mankind by his genii, a 

whom 't 'jna the special glory of Piedmont to have 

at tl, ""OS "Pl'oinW to a mathematical oliair 

at the newly established Ecolo no, -male which only oiiinyod 

Z l “‘TT, ""‘'“"S i"i|"il- 

to pledge themselves to the representatives of the 

hand in order- to enable the deputies to see how the |,r,r 

vm-e wr tt"'“h “> 

weie wiitten about this time. 

On the catahBshment of the Eoole polyteohmqno in 179? 
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Lagraiigs was inaclo a professor j and his leotiires there ai*e 
doBoribed by inatliematioionB who had the good fortune to be 
able to attend thoin, os almost perfect both in form and matter. 
Beginning with the merest elements he led his heavers on 
until almost unknown to thomselves they were themselves ex- 
tending tlio bounds of tlio 8»ibject : above all he impressed on 
his pupils the advantage of always using general metliods 
oxprcsacid in a syiiunetrical notation. His lectxives on the 
differential calculus form tho basis of his TKeorit fonolions 


cmahjtiqum wliicli was published in 1797. This work is the 
oxtensiem of au icloa contained in a paper he had sent to the 
Horlin Momoirs in 1772, and its object is to substitute for the 
(Unbroiitial oaloulus a group of tlioovcms baaed on the develop- 
nuint of algobraio functions in series. A somewhat similar 
method had boon previously used by Laudeii in his Residual 
analysis^ publishcul in Jjondon in 1764 (see p, 36S). Lagrange 
btiliuvod that ho could thus got rid of tlio.>?o difficulties 


ooimcotod with tlio use of inlinitoly largo or infinitely small 
quantitioH wluoli philosophoi-s professed to see in the UB\ml 
tvoivtinent of tho diflbrontial calculus. Tho book is divided 
into thvoo parts } of those tho fti-at treats of the general theory 
of funotions, and gives im algebraic proof of Taylor’s Theorem, 
thcj validity of which is however open to question; the second 
deals with the applications to goomotry; and the third with the 
applications to mochanics. Another tinatise on the same lines 
■was his XflfOJis am' le caleui dca fonctiona, issued in 1806. 
'I'hoHO works inny bo oonsidorccl as tho starting-point for tho 
rcHoarolios of Gauohy and Jncobi. At a Inter period Lagrange 
rovortod to tlm use of infinitesimals in preference to founding 
tho dilVcrcntinl calculus on a study of algebraic forms: and 
in the preface to tho socoiid edition of tho Mtcanique, which 
wuH IsHuetl in 1811 , ho justiaos thoiv use and concludca 
by saying tliat “whon we hnvo grasped the spirit of the 
inllintosimal method, and have verified the exactness of its 
rosuHa oitlior by tho goomotrioal method of prime and ultimate 
ratios or by tho aualytionl method of derived functions, we may 
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double of which lio calls tlie vis viva, ns iilia ineasuro of a fovco • 
according ns the force is “jjassivo” or ‘'acfcivo." ’ 

The aeries quoted hy Leibnitz conipriso those for e% log (1 +. 1 ^ 
siua:, vcrs.-c, and tan“'a;. All o£ those had boon pi’eviouslv 
puldished, and lie rarely if evoi- added any iloinonatrations. i|, 
1693 he explained the inotliorl of expansion by inclotorniiimt,, 
coefficients, though his ajiplications woro nob froo from eiroi' 

To sum the matter np briefly, it Bemna to nio tlmb Leilmiiz’i, 
work exhibits gi-eat skill in analysis ; but wherovor ho 
his symbols and attempts to mtori)rot In's rosulta or deal with 
concrete cases he commits blunders j and on tlio wliolo I think 
his mathematical work is ovomitod. No doubt tho donmiids 
of politics and philosophy on bis timo may havo proveiitrd 
him from elaborating any subject complotoly or writing miv 
systematic exposition of his viou's; but they aro no oxenm. for 
the mistakes of principle which occur so frequently in lijn 
papers. Some of his momoli-s contain snggOBtions of nmtlmdH 
which havo now become valuable means of analysis, such uh 
the use of determinants and indotorminatu coollloieuts Hut 
when a writer of manifold intoresta llko Leibnitz blirows out 
innumerable suggestions, some of them aro likely to turn out 
valuable; and to enumerate these (which ho nover work(>d (uitl 
without reckomng the others which aro wrong seems to me t.. 
give a wholly false impression of tho value ol' Jiis work. 

Leibnitz was only ono amongst several contiuontul wi'itors 
hose papers in the Acta cinuiito7'um familiarized matlir. 
ma .Clans with tho use of the diffei-ontial oaioulus. Tho most 
impoitant ol those wei-o Jacob and John Bcrnouilli, botli of 
whom wore warm friends and admh-oi-a of Loibnit; ami to 
whose unselfisli devotion Im i-eputation is largely duo. .Not 
ily did they take a prominent part in nearly c^vory matin- 
mtical question then disoussed, but nearly all tho^ loading 

Jiteenth century came directly or indireebly under tho 
influence of the teaching of one or both of t;hcm. ' 
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employ infinitely small quantities as a sure and valuable moans 
of shortening and simplifying our proofs.” 

His Resolution des equations numonques publisliod in 1798 
was also the fruit of his lectures at the Polytechnic. In tliis lio 
gives the method of approximating to the real roots of nu 
equation by means of continued fractions and enunciates sovoi al 
other theorems. In a note at the one! he shows how Ponimt'H 
theorem that a*-*- ! =0(mod p), where is a prime ami 
a is prime to^j, combined with a certain suggestion duo to (lansH 
may be applied to give tlie complete algebraical solution of any 
binomial equation. Ho also here explained how the equation 
whose loots are the squares of the differences of the roots of 
the original equation may be used so as to give considoralilo 
information as to the position and nature of those roots, 

The theory of the planetary motions had formed the subjinit 
•of some of the most lomarkablo of Irfigrange’s Berlin papovH, 
In 1800 the subject was i-oopened by Poisson who in a papni' 
road before the French Academy shewed that Lagraiigu'H 
formulas led to certain limits for tlie stability of tho orbits. 
Lagrange, wlio was present, now discussed tho whole subjedt 
afresh, and iaamomoir communicated to the Academy in IHOH 
explained how by tho variation of arbitmiy constants tho poriiuli- 
cal and secular inequalities of any system of mutually inter- 
acting bodies could be dotenuined. 

In 1810 Lagrange coramoncod a thorough revision of |;lm 
Mecaniqxie auahjiique, but lie was only able to comploto about 
two-thirds of it before his death. 

Ill appearance lie was of medium height, and slightly 
formed, with pale blue eyes, and a colourless comploxion. lii 
oliaracter he lyas nervous and timid, ho detested coutrovursy, 
and to avoid it willingly allowed otliei-s to take the credit for 
what lie Imd himself done. 

Lagrange was above all a student of pure mathoinaticB : bo 
sought and obtained abstract results of great gonerality and was 
content to leave the appUcations to others. Indeed no iiusuii- 
:siderabl6 part of the discoveries of his great contemporary 
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Lii]iliirn (loiiMiHln of (hit ii.p)i]io!alinii (j£ fclm Luf'itinf'iiin forimilio to 
tint fuitlii Ilf iiiiiiirii ; liir IiIh piipora »n tlio volocity of 

Httiniil luul I'Im' mu'uliir uortiliimliim of tlunmion imi all implicitly 
iiiitliiiliul ill LiiKiiin^'it’u vomiltH. Tim only iliflioully in roatling 
liagraiigo in (lull, ul' lint mihjoob uiiiUnr ami tlio is.'ctrcniu) 
gmu'i’iility III' Ilia iintimnaiis ; hut liia lumlyHiH jh “uh luoiil ami 
Imniimiiu im it, in nyiimmlrlnil amt iiigaiiiouK,'' A mioiit writoi', 
iiig Ilf I ,iij(i'iuif'i', imyii truly that ho took a inmmiimnb jmvli 
ill (Jill iMlviiiu'iom'iil.nralmontovory lu'uuoh of piii'o imiUmniation, 
liikit 1 Hii|ilmiil.iiu timl Kormut Im )ni}<wiaHO(l a Hpocial goniiiH for 
(,1m llmnry of inimliina, iniil in l-liin aiilijout ho giivo Holutioim of 
iii(i:il, of tim iirnliloiitii whii'h liiol hooit |n‘0|i(iMoil Ity [I'orinat, iiiul 
ui|ili!i| Muiim (.hniri'imi of liia own. lio oroahiil (,lio cahmliiH of 
vai’hilioim. Tn him ton llm (Imory of ilillormitial oipiationH is 
iiiilolil-oil for ilu imnllinn mi a iiniouoo mlliov tliiiit a oollnolaou 
of iiigoiiimiii iirtii{hm!i for f ImHolutioit of pavlioular jii’oliloiim, To 
|,|io luilmilim of Iloilo (liUnroiirra ho coiiti'ihutoil llm fonniila of 
iiiloi'pohilioit wliioli Imura hin iiaiuo. Hutuhiivo all hit improHHoil 
oil iiioohiuiirii (M-liioli it will im roiimiiilmrml ho ooimiilonxl a [lurl 
of pui'o iiialliotmilh'a) Ihiil, f'omiralil.y ami mmplolmmss lowanls 
>Yhioli Ills lalimini iitvariahly tomloil. Ilin worUa hivvo himii 
oilid'ii hy M. Soi i'ol. ami pulilhihiul hy tiio Ki-omih govoriimniiii 
hi 7 volii. I'ai'iM, I Mir/ IHVV. holmuhro’H aooouiit of his lil'o 
ill pi'iatoil in (ho lliat volimio. 

/'n!/'r-i tShiKiii Laplaoo wan honi at lloauiiioiit oii-Augo in 
Nni'uiiimly on Murolt ^3, I7'l!) atnl <lioi( at rariH on March 
li, lli» Wan tho aim of a Hiiiall ootlagur or jiorluips a 

farm lahioiri'r, ami owml hia inlucaliou to tho intoi'uat liis 
ivhililir.n ami luiga^ia)' pmaoiiro nxoiliHl in Honm woallhy noigh- 
linuru, \'m'y liMlo in hnawn of hia ourly yoiua j fur whim Im 
iHirnnm iliaiiu^iiiahnl ho Imhl liiniHi.'lf aloof liolh Irom liia rcla- 
livi'Hiiml from ihnan who laol aKHWlwl him. A niiailiir pntliuo.sH 
oi' oliiuinilrr mni'Koil iiuiuy of liin aolioiiH. H would Huoin tluvt 
from a pupil Im lan'iiiim iiii uahoi' in tho Holiool at .Ucanimmtj 
hut haviag primurml a lottor of iiitfoduolioa to d Aluinlioi't 
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he wont to Mo to push his fovtono, A pspon U,,, 
oiples of moolnmm oxcitoil .I’Alo.nhm't's intovost, ai„l 

LTpla’r“'“““‘' "■ "<• 

Seoiii'o of n oompotimoy, J„,phic„ pp 

ongina .■eso.uoh, »ml i„ U,„ .„,u ,irt„.„, y,„„, 177, ’ 

ho produood numh of his „riKi„„| worh i„ > 

ooramonoo,! witli a m„,„oii- ra,,! tl,o J.Voi,„l, A 

.0 1773 in whidn.o„h„w„., that tho p)A„otl:;'::ot^r!::;:^ 

stab 0, and canaod the proof „„ f,,,. y,„ 

tuoitios and inohnations. Tl.is ,vss follow, ,,| |,y s,,,..,,,.] 
on points in the, lutosml mhmhm, finite difil,,™,,,,*, ,li||i, n,,! 

equations, and netrononiy. l|i„ estronon.ieal 

this also oonlnuia momu-ons thooroms on tin, tliooiy of „t 
tion.,^of whioh sonic nro talcon IVoni ..,o«eu,h.„, ,„a„y':,: 

Diu'iiig tlio uoxO thm* or ftun- vmt'H )ui ) 

tho potential’ and JXt , , 

oients, Tho potontinl if a hlllv 

tho miuis of oveiy olomont of fl. . 1 'T^ 

.lietaiico ftoni tho poinr Tin, o ^ 

could bo at onoo found Hi'’alHo '1'^'“''“’^''’'' 

always satisfied the difibi-ontialoquatitr “ 
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alluded to wore pveaontfld to the French Academy and they 
are printed in tlio Memoirs prhenlca par divars savam. 

Laplace now set liimaolf the task to write a work wliioli 
should "onbr a complete solution of the great mcclmnical 
problem presontocl by the solar system, niul bring thoury In 
coincide so closely with obsorvntiou that empirical etpiafci.nm 
should no longer find a place in astrouoinioal tables.” 'I’lin 
reaulb is ombodiocl in tlio JSxposition du ajjalhm dii monda nnd 
the M^mnxqm celeste, - 


Hm former was published in 179C, and gives a genenil 
Qxplnnatiou of the phononiona with a summary of the IiisLorv 
of astronomy, but omits all details. The nebular liypellieHis 
was hero first onnneiatod. According to tliis liypotln^sis llio 
solar systom 1ms been ovolved from a globtdnr mass of in- 
oandoacont gas rotating round an axis through its centre (jf 
mass. As it cooled, this mass contracted and Ruccessive riiign 
broke olT fi’oin its outer edge. Thase rings in tlioir turn coohid 
and finally condensed into the planets, whilo tlio sun represt-iKs 
the central cove which is still loft. A popular account of the 
theory, witii certain corrections roquirod hy modorn science, 
has heon recently given by Sir William a’liomson in the 
Proceedings of tho Eoyal Institution for 1887. 'flic avgii. 
inents against the liypothosis nro summed uji in Tfayo’s Or'wine 
<ln monde. Accoitling to tho Jaw published hy Bode in 1778 
tho distauoos of tho planets from tho sun aro nearly in tim 
ratio of tho numbers 0 + 4, 3 + 4, G + 4, 12+4, ite., the 
(n+2)th term being 2- s 3 + 4. It would bo an interesting 
fact if this could ho deduced from Laplace’s livpotliORis, but so 
Jar as 1 am awaro only ono sorious attempt to do so has been 
Jimclc and tho conclusion' was that tho law was not RuiricienUy 
exae o 0 wortli more than a convenient means of reiiK'iii- 

ta..,gt!,cg,,n„™h.o.,„lt, Tl.om,tetancoofL»i,l„ao'«hyi.olJ,OHm 

l.ad 1,03.1 p„W,shocI hy K„nt in 1755 in l.is Ally.moim IVulw. 

S sCnchic but .t in donbtfnl ivLotho.- Lnpl„o„ „( 

Ills. 11.0 Instoncnl ainnmniy hns ahraya been ostoomoit oini 
ot the .naatev-piceos of Fronol. lilomturo, tl.o.igl. it ia not 
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altogetliov reliable for the later periods of winch it treats, and 
it procured for the autJior the honour of adraissiou to the 
forty of the Ereuch Academy. 

The full analytical disenssion of the solar system is given 
in the M^.caniquo cUeats published in five vols. : vols. i. and ii. in 
1799 j vol. HI. in 1802; vol. iv. in 1805; and vol. v. iu 1825, 
The first two volumes contain methods for calculating the 
luotiona of the planets, determining their figures, and resolving 
tidal problonis. The tith'd and fourth volumes contain the 
application of theso formulae, and also several astronomical 
tables. The fifth volnmo is mainly historical, but it gives ns 
appoiuUces the results of Laplace’s latest researches. It is 
I'ogrottablo to bavo to add that thcoroms and formula) are 
appropriated from ninnoroiis writers with but scanty aoknow- 
lodgmont, and tlio conclusions — which have been described as 
tho organized result of a century of patient toil — are gouorally 
inontionod as if they wore due to Laplace. It is said (for 
I have nob looked into tho matter luysolf) that tho praise 
wliioh ho lavishes on Newton and Olairaut is only tho 
cloak unclor wliioli ho appropriates tho work of otl»er and less 
known writers. Tho Mkaniqm cilcslc is by no moans easy 
rending. Q^ob, who assisted Laplnco iu revising it for tho 
press, says that Laplaco himself was frequently unable to 
rocover tho details in tho chain of reasoning, and if satisfied 
that the conclusions were correct lio was contont to insert tho 
constantly rccuiTing formula * !|!1 cst ais6 h voir. ” ) Tho host 
tribute to tho oxcolloncy of tho work is that it Ibfc very little 
for his succossors to add. It is not only the translation of tho 
I*rincipia\\\\:o tho language of tho difFerenfcial ciilciilus, but it 
also coinplotcs those parts of which Nowton had boon unable 
bo fill in tho details, 

Laplaco wont iu stato to beg Napoleon to accept a copy of 
his work and tho following account of tho interview is well 
nuLhonticatod, and so clmraotonstio of oil the parties concerned 
tliab I quote it iu full. Soino one bad told Napoloon that the 
book contained no mention of tho naino of God ; Napoleon 

25—2 . 
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who was fdiul of putting embniTns«ing qucsstioiin vocisivod it 
witli tho 1 ’omni‘k, “M. Laplnco, tiusy U*]! mo you liav(! writtoii 
this largo hook on tlio Hystoin of tho univomi, and liavo iiovor 
ovon inontionod its Omitor.” Liiplnoo, who, though tho niont 
Ruiiplo of politiciaiiH, avuh an Rtifl’ ns a imirtyr on ovory point ol‘ 
his jihiloHO{)hy, ih‘o\v liimsolf up and aiiswot'tnl hUintly, “.To 
ii’rtvaiH pas boKoiii d« ootto liypothfeso-l/t.” Niipohion, gnsiitly 
ainuKod, loM this nsply to Jiiigrnngo, who oxoloiimul, ‘All! 
o’oHt uno hollo hy])ofcln\soj oxplhpio hoauoonp do (dioHOH.’ 

Tlio ronmining work hy Laplimo is Ins 'Pkt'oru', 

(lea prolmhililva isamsl in IHli}. 'I’ho Ihoory jh hIiiUkI to ho 
only oomman kooko oxprosHod in inathomatioal langnngi', Tim 
molhod of oKtiinivling tho ratio of tho nuinhiu* of Tavonrnhtn 
caHOH to tlio whole mnnhor of possihlo oasos liml Inion iniliontiMl 
\iy Laplaco in a papor wiitton in 1770. Tt (uaiKintH in treating 
tho KUOOOHsivo valiu'H of any fimotion as th<» aonlhoiontH in tho 
expansion <if unothor function M'ith roforonoci to a fUll'oront 
variablo. Tho latlor is tlioroforo railed tho gonorjtting I'uimlinu 
of tho forinor, Luplaoo than nIiowh how hy nioaim of inlorpohi' 
tion these cooltloionts may ho dotoriniued IVoni Ihn gmiorutlng 
function. Noxt lio attaolcH tlioconvcrso prohioni, and from tho 
coohlclontH ho llnds tlio gonovnting fuimtlon j thin Im (dfooLod hy 
ho solution of an oquation in iiiiitodinorouoos. 'il'ho inelliud is 
lumhoi’Komo, and in coiwoquouco of tho imirciusod powm* of 
Limlysis is now rarely usod. An mlminddo Hinnmnry of 
japlaco’s roafioning is given hy «lo Slorgan in his iivtioln on 
Prohahility in ilia JinenjehipmUa Meti'dixtlildwi, 

3’liis troatiso oonlaiiw tlio gmitost analytimd nchinvonn'ut 
)f Implaco, a'nd oiio which is especially (diaraiittn'istio of liis 
.yoi'k. 'fho imithod of least fujuiu’es for the ooiiihinatioii of 
uimerouK ohservations had heon mnpirieally glvru hy (hums 
ind Logondro, hut in tho fourth cliaptor of Uiis work Laphuio 
javo a formal proof of it, on which tho wholo of ( Im lliroiy «jf 
sri'oi'fl has since heon hasod. Tills was only iTloottal liy a most 
intrieato analysis spooially iuvnntiHl for tho pui’]aiHt', Iiidi tim 
form in wliioh it i« presented is bo incagvo nntl luiHaLisraotnry 



I.Al'l,AOK. 


m 


(hat ill Hjiitd of Iht' \nufonii ncournoy of liis I'oaaltHitwfts ab ono 
tiiiin (lui'hl.iiiiunl wla'llmi* lio Imtl iiotimlly gono tlirough tlus 
(lilliiMill wnvk liii HU lu'Iully uihI oflmi inctimitiUy iiuliciittiH. 

Ainuii^^iib lliu Jiiiiiur iliMouvurioH laiplmio iti piivd inatlie- 
)uabii‘M I may immlaai Itin (limaimiioii (HliiiiiUamiOUHly with Yim- 
(Iiii'iiiuii(lu) u|! t liu ^unm-iil thaoi'y of ilutoi'miiiantH in 1772 ; liU 
|)r<iut' (hilt uvncy n{milh>ii of an nvou ila^i'oo ntuHl liavo ivb kaab 
iiiin real <|ua<lralhi i'lmtor, liiH vi'iliuilioii ol! tlio Holntkin of Hnuar 
{lilVi'i'imiiiil iM|iialiuii)i to ilolinilo iiito<(mlH, nuil liin Holutioii of 
tim Ihii'iir pH I t lilt (liOhrmtial oipiutioii of tlio nihidihI oriUn', Ho 
will! aliiu llm lirati to ammlilai* Iho ilinhmlfc pi’ohloiim involvotl in 
(iipial iniiii of mixoil iliOUroniuiH, ami to in-ovo limb Ilia Koliitioii of 
im r(|iuiliuii ill lliiilo ilitlhroui'iiH of tlm liint iluKroo ami Ihu 
iiuooml iii’tlor mi|.|lit iiUvayK ho ohlaiuoil in llm lomi of ii coU' 
liiiiit'ii I'l'iii'tioM. hoaiili'M llii-aii ori^^iuiil diHoovoi'lDH ho tloior- 
iiiliii'il ill lliu tlirury of pi'olmhilitioii tlm yiiIuuh of iv hii'g(i 
liiiiiihor of dm mui'o iiomnmu ilolhiilo iiUogralH! ami in tho 
hiuiin liooU ^avo llm goiioml proof of Iho tlmoroia ouinioiahicl 
hy JiUgnoiffo Cor lliu iluvolopiimni, of miy iinpliiiit ruiioliou iu a 
Hiu'lrii liy moiom oriliilrvontiul iroolVmioiilH. 

In iHlh Laplia'ii puhliaimil a populnr imomuibor hiH wovlcou 
pi'olialiilily. Tliia honk hoavn tlm Hiimo rolaliou to Iho Tlivorio 
flcH jituiliiiliilifiM (Imt. (ho </»* momk iloim to thu 

trlvKlti, 

liiiplaro HooiiiH to Imvo rrj^onliiil aiialyHlH movcly (i8 a ninaiiK 
of iitliii’ldnH piiyuU'iil jirolih-iiiH, llmiigli llm abilily wiLli which 
Im invculi’ii Urn nooohhary HiialyMH w nliiioHt plioiminonal. Ah 

loi»n HH liih I’i'HullH worn Inm ho look vary lUtlo troiililo to nx- 
plain dm Hl opH hy whirh ho arrivnil at thorn ; ho iiovor Htuilioil 
oh’giim'o or iiynmmlry in IiIh prnnoHKOH, ami it wuh KuiUoioat 
for liiiii if lio roiilil hy any iimaiiH aolvn tlm purticuliir iiuoatiou 
ho WHH iliHoiiHHiiiK. I II llnmn ivhimulH Im hUiiuIh in niiirkiul con- 
trimt t" loM Ki'i’iit i'iiiil,fniponiry JaiHiuiiKo. Hi tln-oniticivl pliyHicH 
llm Mu'ory of .apillavy iiUvimlum iw <lu« to iHiplaco who au- 
ofjiti'il llm iiloa propouinlnl hy .llawkHhfo in tho ./Vn7, Unmn. 
17UU lliat llm phoimnminm wiia lUui to a foruo of atbmction 
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which was insensible at sensible distances. The part which 
deals with the action of a solid on a liquid and the mutual 
action of two liquids was not thoroughly worked out but 
was ultimately completed by Gauss. Neumann later fi]lo<l 
in a few details. Sir William Thomson has recently showii 
that if we oisume the molecular constitution of matter, all the 
laws of capillary atti-action can be deduced from the NeUoniim 
law of gravitation Hoy. Soc. Edinh. 1862). Laplace in 

1816 was tlie first to point out why Newton’s theory of vibra- 
tory motion gave an incorrect value for the velocity of sound 
The actual velocity is greater than that calculated by Newton 
in consequence of the heat developed by the sudden comprcsHiori 
of the air whicli increases the elasticity and thoroCoro tho 
velocity of tlie sound tmusmitted. His only investigations in 
practical physics were those which were carried on by him 
jointly with Lavoisier in the years 1782 to 178i on tho spociiio 
heat of various bodies. 


It would havo been well for Laplace’s reputation if lie had 
been content with his scientific work, but above all things ho 
coveted a decoration. The skill and rapidity with which Im 
managed to change his politics as occasion required would hu 
amusing if they had not been so servile. As Napoleon’s power 
increased Laplace abandoned his republican principles (which 
had themselves gone through numoi'ous changes, sinoe they Jiad 
faithfully refiected the opinions of the party in power) nml 
begged the first consul to give him the post of minister of tho 
interior. Napoleon who desired the support of men of soioiiuo 
accepted the offer; but a little less than six weeks saw tlio 
c 036 of Laplace’s political career. Napoleon's memorandum on 
the subject IS as follows. « G^omfeti-e de premier rang, Laplaco 
ne tarda pas \ se montrer axlrainistratenr plus que m6diooro; 
dfes son premier travail nous reconuftmes que nous nous dtiouH 
trompA Laplace no saisissait aucune question sous son vdri- 
table point devue: il cherchait des subtilit^s partbut, n’nvait 
que des id^es probl^matiques, et portait enfin I’esprit doa 
mfaniment petits jusque dans radministration.” 


LAPLACE. LEGENBEE. 


391 


Although expelled from office it Wfia clesirahle to retain 
Laplace’s allogiaiice. He was accordingly raised to the senate, 
uiul to the third vohiriio of the Micanique cHeste he pi*efixed a 
note that of all the truths therein, contained the most precious 
to tlio author wOsS the declaration he thus made of his devotion 
tosvavds the peace-inakor of Europe. In copies sold after the 
restoration, this was struck out. In 1814 it was evident that 
tho Rinpiro was falling; Laplaeo liastciitKl to tender his services 
t<i tho Bourbons, and on the restoration was rewarded with tho 
title of marqitis, The contempt that his moi’e honest colleagues 
felt for hia conduct in tlm matter may be read in the pages of 
]?auL Jjouis Courier, but the ])cttiness of his character must not 
make ns forget how great were hia services to science j and if 
it is any palliation of his conduct to the benefactors of his 
youth and hia political friends it may bo added that ho never 
concoahjd hia views on religion, philosophy, or matliematica 
however distasteful they might bo to the authorities m power, 
TT.ia knowledge Avns v'ery useful on tlio numerous scienbiflo 
oommissiona on which ho served, and pi*obably accounts for the 
manner in which his political iiisincovity was overlooked. 

I’lmb Laplaeo was vain and sollisli is not denied by liis 
wannest admirers; wliilo his appi-opriation of tho results of 
those who were coniparabivoly unknown seems to be well 
ostablishud and is absolutely indofeoeiblo. T^vo of tliose whom' 
ho tlius treated subsequently rose to distinction — Legouclre in- 
Ifranao and Young in JSngland — and never forgave tho injustice 
of wliich they had been tho victims. It should Ijowover ho 
stated that towards tho oloso of his life and especially to tho 
work of his pupils Laplace was both generous and approoiativo, 
and in one cose suppressed a laiper of hia own in order that a 
pupil might have tho solo credit of tho discovery. 

His works wore published in 7 volumes by tite Erenoli 
governmoub in 1843 — 7; nnd a now edition with considerable 
additional matter is now (1888) being iMuod. 

Adrien Marie Legendre was born at Toulouse on Sept, 18, 
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1752 and died at Paris on Jan. 10, 1833. Tho leading ovnnla 
of his lifo are very simple and may be summed up briefly. 1 lo 
was educated at the College Mazarin in Paris, appointed pro. 
fe.-sor at the military school in Paris in 1777, was a member of 
the Anglo-French commission of 1787 to connect Givoinvieli 
and Paris geodetically; served on several of the pubHo min. 
missions from 1792 to 1810; was made a professor at ilio 
Normal school in 1796; and subsequently held a few minor 
goveimraent appointments. The influence of Laplnco was 
steadily exerted against his obtaining any office or public 
recognition, and Legendre who was a timid student aecoptod tlm 
obscurity to which the hostility of his colleague condonincd li iin. 

Legendre’s analysis is of a high order of excellence nml is 
second only to that produced by Lagrange and Laplnco, Uiongli 
it is not nearly so original. His chief works are his Geomi/n/, 
hia T/ieori/ of mmbm, liis Intcgiud calculus, and Ids ICUhilh 
funeixons.^ Tlieae include the results of Ins various piipors on 
these subjects. Besides these he wrote a treatiso wluoli giivu 
the rule for tlie metho<l of least squares, and two groups of 
memoirs, one on the theory of attractions, and tho otlior 
on geodetical operations. 

The memoirs on attinctions are analyzed and discussod in 
chapters 20 to 25 of Todhuiitor’g Hislor^y of A Ur action, Tlio 
earliest of these, presented in 1783, was on the attrnotion of 
spheroids and marks tho fli-st distinct advance on tho results of 
Maclaurin, This contains tho introduction of liOgendrcfs no. 
eflicionts which are sometimes also called circular (or zomi]) 
harmonics, and which are particular cobqs of Laplaco’s coolll. 
cients (see p. 386). It also includes tho solution of a prohlom 
m which the potential is used, but this seems to liavo boon diu« 
to a suggestion of Laplace, and its invention is properly alLvi- 
uted to him. Tho second memoir was cominunionted in 1781, 
and IS on the form of equilibrium of a mass of rotating Ihiuitt 
which IS approximately spherical. Tho third written in 17HI1 
IS on the attraction of confocal ellipsoids. The fourtli is on tlio 
figure which a fluid planet would assume, and its law of dousity. 
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LUdKNDlUJ. 

Jlirt iHiju'i'M on iiro thruo in nmnlxiv ami were 

|)iTnniitiMl l,c» Uio /Virmltniiy in 1787 fti«l 1788, 'L’lio most im- 
poilaiil- I'l'Hiilt ill tliiit Ky wliich ii H)»lM‘rical tinmiglo way bo 
tiviilril UN plMiH), iiruviiUnl oomtcUoiis aro iippUcul to tlio 

iiii;^lnn, III miimcotiiw with IIiIm wulijtasfc li« ;iiaUl couHiilomlilo 
Ultrlltirill 

Till' iiHilliial til' liMtab «mum!8 \vi\H tnuiimiatod in bis N’unvdks 
iiii'ilniifin |iiihliiilioiI in 1808, to wliinli HupplounmtH woro adtlod 
in 1810 and IK^O. (lanan iiiihipoHdoiitly lind iinivod at tlio 
suiiw rcmilt, Iiiid iiimd it in 17181, iitid laililinhod it and tlio 
law i>r I'nnilily in 1809. liUpliion w'loi tiio (•avlidut widtur to 
^(ivK a |ii'iiut' 111 it tliia wna in 1812 (hiio |>, !)8K), 

ur (lio hiudoi |»i'mUuu!d hy lii'Kondi-o iho ono most widoly 
luiiiwn ill liin h'Uiitt)ittn iln ijiuutHna wliinh wuh jiubliHlidd in 
1791 1 wid vvmi f^nnorully ndoptad on tlioconlimnil oh a suhstituto 
till' I’lw'lid. 'I'lin liiLnr oilitlonH «-outuin llm oloiimnlH oi! tri^onO'- 
mi’ii'y, and llm jinuilH <»!’ tlio ii'mlionnlily oi' n and tt" (siki p, 
371). All itp|uitidi\ on tlio diHliniil <|UosUon of lliti lluioi'y of 
jiiimlli'l liio'M wan imtiiod in 1803, iind in lamnd u]> witli inoHt of 

lliii iai)iiii'i|iiiMtt iidilioitK, 

Ilia Thioi'i<\ thn mmhirH wiia publiHlwd in 1708, and ap- 
pt'iidim'H wio’ci mldod in 181(1 and lK2r>: (Im lliird odilion 
iMiui-d ill two voliiitii'H in 1830 iindudrH ilia raHiillHof his vavluim 
lalar ptijti'ia, iiiitl Hlill raiiiaiiiH n aliuiilurd work on (ho Hiihjoot. 
It way lid aiiid (]m(> lio Iwro oavriod (lia Kiibjout nil far iih was 
|iM)iMili|i< by (lio a|i{ilii'iil'ion of onliimi'y alKalmt; but ho did not 
ri<ali/« that' il. iiiiKlit bo I'oj^ardtMl iih n liiglior iii'illimutiu and so 
I'lii iii a ilialiui't hulijoal in niaUianiaticH, 

'I'tin law Ilf niimlratio voeiprooity, wldoh ooiincota any two 
ihIiI priini'M iitnl wliioh (Ihiihh cuIIoiI “lha i^mii of iii'ilhiimlio,'’ is 
lin;l piMVi'tl in tliia liook.lmtlhoriwHlt Imd boon ommuialiid ina 
no'Uii'ii' nf 178.^1. Tlio thoori'm w iih followH. If p lio a pi'iino 
and n bn jn imo l,ii p than wo know liiat tlio voiaaiiulor wlmn 
7 iHi' '» in ilividod liy in oitliov 1 ov - 1. Jaimimli'u ilonoted 

(Ilia imiiiiinib-r by Whmi tlio roimumlor in i’ 1 it ia 
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possible to flncl a sqiwvo niimlwr wliich wlion ilivi,],,,! „ 

l«vesA i-omom<lo..„, i„„H,oi- wonle „ is cjuarb,,ti„ ....sp,,, , 
of?); wboii tlio romaimlop i» - 1 thorn exists no s„„|, 
luimbor end n ,a a non-reahluo of p. The law of ,|na,l,-„tio 

y 

(I) ©“(-i)''-'’'*-'*; 

tlnis if A is a msitluo of « thou n i« alwo a imUhxi) of L nnK'ss 
liotli of tluj inumos n ami b iiro of tlio form 4m -i- II 

hi o(;Ijoi’ wowIh, if » ft„(i i, 1,0 odd pi-iinoH wo IcJiow Dial; 
a. 1 (motU), ami AS(«-i)3o,;l CiiKnh,). 

Jmt by LogoiuhVa law D two ambiguitio« ^vill oUh.w Im 

'f <"1(1 |„•i.,lo is a j.on.ve„i,|i,„ of 
aiwtlior t urn tlio late will l,o a iion.rosi.liio nf tliii fonooi' 

o^irand bi "T'?' »”»!'"'• InwH of 

tl ■«|l>ro,„Oy; and an i,„po.-tant bsaool, of 

*17 , '""7” '''>«• <>» tl.sHo rosoavehos 

rius weak also oontaioa Oho ,,s„t„l theorem by avhioli, wl.oo it 

n bot ll r and a di»o.,»«i„„ 

»q«Z! "" ‘1*“ «"■" '>f 

first am dnvni i ^ n- x' f ^bird and jiiost of Mm 

1 staindoyotad to olhptio funotionaj tho bullc of tliiH Imliur 

I iiTia G y inoludod in tlio J'^mc/ions (iUi^itiqHan, 'I’Jm GonfcimlH 
and iu im'rtioiiL ” bysoHoa, dofinito int.-^^ralH, 

Gamma fnnoti, 

twovolunum 

m and IS tho most important of Logoiul i-o’s worlot. 



ivmiv.. 305 

A Uiivil viilinmi mmiiiiniuK tln'oo inoinoira on llm voKoarclios 
til' AIm'I iiii'l ilio'iilii wiuunlilwl ii fmv wwikH Ijofovo IiIh dciitli. 

ihV('(iliHuU«mn Iiiul roiiiiiioiiml wtLii iiimpcr wvitUm 
ill IVSl' nil I'llipliti lurn; nml )m Hulmrijiimitly wioUi mnnoions 
i,lhm* CHI (Jii» Hiiliji'iil., wliiidi lici U-niiUicl outinily ns a 

liniin’Ii ni' Hm c-iiIhuIuh. TuhUm ot Uhi cillipMu iiiLogmls 

wi'i'H i-nniiti'iii'li’ii liy lihiu 'riin iniidcirii tri'iitiimiit of ilio Kuh- 
jool, in I'lHtiulc'il CHI dial, cif AI«*I aiul .Innild, Tljo mijuiriovily of 
thoir niollmclti whh uf. niicic Icy J,cc;romlvo, aiul ulincwfc 

lliH liinl< ni'l. cif In'ii lifa \vmh In I'dooiniiiiHul Uinso diHcoviii'ios 
which 111' IciK'W NViHihl cnitiiif'ii IiIh ciwii liihoiirH to olilivioii, 

'riiiii may i(c'rvo In nmiiiicl iia of a fiiot wliioli T \vi«li to 
iipirially riinclmnizo, iiuuii'ly, lliul. (cuhhh, Alml, .iarolci, anil 
itiHiin iillii'va Ilf Mm hmt.Iiciiiulii'iaiia allmiocl lo in Uio mixt 
oliiijili'i' NVi'Vii ^•llHt.l'HlJclcl•lM■lc'H of (ho inc'iahorH of llm .Ki'omili 
lil'lllinli 

VVcci uf nnularn ifi’orndri}. 

Wliiln I'IhIi’V, I.H^^vaiif'i*, l.n|cliuT, iiiiil lio^'oiulro wiivo pen’- 
IVoiiiii; aiialyaia aimllior grcoiic af iiiiilhomulioiaim woro 

rlovi’li'liiiiK K"'im'li'.V hy tMolliiiila niinilm’ lo tliOHii pi'ovloiiHly 
mil'll hy Mi'i'iiixiil'ci ami rmii'iiU Tlia iiumk oiuinoiiti of thoHO 
whic i‘irali'il vvliar hi ralini itioiloi'n f^oomoiry urn iMoiigi', 
I'lHM'i’Icl , amt ( 'ariinl ; aiii) tin ilnvicIniHiii'hl in mnro raiioiit; timuu 
in laiMi'ty <hi(< In Vmi HtiiniU, nuil (In'iiioiiii. 

(tiiHfimtl Mongo* WHO hniii ui Iti'iuuio on iMay 10, 17'1() and 
ilii'il at I’aria nn .Inly IHIS. llo wuh llm hou of a Kiuall 
jii'iliav, ami wmi mlm'ivli'cl in llm NrlmiilK of llm OmtoriiiUH, in 
mil' I’f wliii’h Im mil>Mi'i|tiMiilly htu’cinio »n unimv. A plan wliloli 
)iM liml much' cf a<tiim m'iKlihmiriiig villnga fell into Ihn hauda 
cif an l•^il‘<'l' wliM ri'i'iHiimmnlol llm militiiry authni'iliiiH In lulmilj 
him In thi-ir (iciiningHmlnHil at Mi'xihri'H. lliahirlh pruolmhid 
hin I'l’i'i'iviiig n I'nmmihHMm in llm army, hnl hin atiuudaiR’o at 
an anni’M* "f llm fi'hiinl wlmm aui’Vuying nml cU'Hwiiig wovn 
laiighl wiin Inlmali’il, llimigli Im wiia Inhl that im wuh not 
* Hr»' A'iicih /ajin>rcyMr*icf’/«lif«i'aM,fM.cfi'iUica«/i!|hy ,|iu|ilu, Vnviiii IHIU. 
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siifficieiUly well bom to be allowed tt* attempt problonig \ 1 M 
required calculation. At last his opportunity camo. 'I' ‘ 
of a fortress having to be drawn from the data snppliotf 1 " 
certain observations, bo did it by a geometrical conVtfiuit'o'^ 
At first the officer in charge rofnsod to receive it 
etiquette required that not less than a certain tinm nlir'l I 
be used over making such drawings, but tbo sHperiui'it7 ' 
the method over that then taught was so obvious tlmt it •** 
acceijtedj and in 1768 Moiige was made professor on 17 
understanding that the results of his descriptive gcoinolrvw 
to be a military secret confined to officers of certain ranks 
In 1780 ho was appointed to a chair of mnthomatioH i., 
Paris, and this with several proviuciul appointments wliicli Im 
hold gave him a comfortable income. The earliest puuci' ..f 
any special importance which ho communicated to tho lL,„|| 
Academy was o.m in 1781 in which ho discussed tho „!• 
curvjiture drawn on a surface. Timso had been first conHi.lun.l 
by Euler in 1760, ami defined us those normal sections wIicho 
curvature was a maximum or a minimum. Mongo tnintca 
them as the locus of thoso points on the surface at wliiiili 
successive normals intersect, and thus obtained tho 
differential equation. He applied his results to tho coiitral 
quadrics in 1795. In 1780 ho published his well-known woik 
on statics. 


Monge eagerly enibmced tho doctrines of tlm rovoliilioj, 
In 1792 ho bocamo mmistor of tho marine, and assisted ih,i 
coinnuttee of public safety in utilizing science for tho dcfoiioo 
of tlie republic. When tho Terroriats obtained power ho vuk 
denounced, and only escaped tho guillotino by a hasty lliKlit, 
On Jus return in 179-1 he was made a professor at tho kIioi I- 
lived Normal school where lie gave lootnres on descniaiv.. 
geometry; tho notes of tlieso were published under tho ivgiilii. 
tion above alluded to (see p. 380). In 1706 he wont to Italy 
on the roving commission which was seat witli orders to ooiiiiinl 
the various Italian towns to offer any pictures, scnliitiiio, or 
0 her works of art that tlioy might possess as a prosout or in 
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Hmi (tf cimlriluitioim to llio .hViMwli n»iiul»liofinM*oiHoval tol^nvia. 
ill 1 7!1« III’ ii iitinHiDii to llonm, uiul aft«r oxficuting ifc 

juiiMMl Nii|mlooM in Mgynt. Thoiico after tho iiaviil luul milifciiry 
vi.’Inrii'H <>r Mngliunl Im t*sra|MHl to I'Vaiieo. lEo was thou maclo 
at dll' I'ol.vltM'liiiio whool, wlici-o ho gave lootiuvs on 
(li'ii.M'iitiivi' gi'oiiu-liy; dn'KO wtiro puliIiHlioil in 1H(K) in tlioforin 
lira li'xl lmiik I'lititli'il thm'lptiva. Thinworkcon- 

tiiiiiMpriiiMiniliiiiiMiin di" form unil reladvo|HwllioiiofgoomoLvical 
llgini'ii ilf'ilin'i'.l liy flii' iiia* of irnmmimilH and Uio lliooiy of 
]u'rH|«!iilivn : dll' latinr imdmh'H Urn art of reprowmting in two 
(liiiii'iiNionn giuiiiinlrioid ohjntlH wliieli lire of three ilimoimionH } 
a jiinlilt'in wiih'li Mongo nmndly wdved l»y tho aid of two 
diagnnin, oim Iming Ihn plan and the odier the elevation. 
iMongoiiluo dii<entiMMl dm tinoHdon im to whetlior if in solving 
a pi'olilriii rcrliiin (•ulmiiiinry (|imnddeH inlrodueed to I’acilltuto 
dm iioludon lieei'iim iiniigi>n>ry the validity of the Kolutinn 
diereliy impidri'd, and Im almwed dmt die rosnlk would not Ix} 
lilleeled. On dm ri uloratiou lie wua deprived of all his ollleos 
luid Imiiouia, an iimiilt witieh preyeil on Ida mind and wliich 
Im dill mil, Imig mii vive. 

Mm«t of Ilia niiNi’eltaneoiiH papi'm are emhodied in hia 
woiioi •{<• /‘o/>/r7»r»i <1 hi •jrimHeh iaihUdied in 18075, 

and .l/i/i/oM/i'im >h< /'//oo/»/wi d la ijioHiflrh', the foui'th edition 
of whit'll, piddiMhi'd in wim voviHed hy him jimt heforo 

Ilia deadi. it I'oiilaimi among other reaultH Ilia Holiition of a 
piiilial dilVeieiitial eipiatiou of ihn aemnid order. 

l.iiKH'i' Mi'finhin Mtinjfnnhi Onriiot, iiorn at N'olay on. 
May id. l7’»M iiiiii ilietl at Magdelmrg on Aug. 21I, 1823, waa 
i-ilnValid in IlniMtiiidy, nml ohliiined a commiMHion in tho 
eiigini er l’■Il pH of ihuiilA Alllimigli in tho army, he eontinufscl 
liii matlii'nialii'al atuilmK in whieh Im felt great iutoi’osl. 
Ilia liu't wioh, imliUHlii'd in 17^-1, wnn on inmihiaes! it con- 
laina a ulatenieiit \vliieh foroNliadowM Iho prineijile of energy 
an applied to n falling wejglit, and dm rarlioRt proof of tho Cuct 
that, hinedo energy ia h-at in Urn iiolliNlou of hodioH. On tho 
onlhreah of the revidntion in ITHl) liu throw hiiiiHoU’ into 
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politics. Ill 1793 ho woh olectod on iho ooinmitton of putili,. 
safety, and tho victories of tlio 1‘Voiich army wore <]iio 

to his powers of orgimizution and (jnforcing diKcipliini. u,! 
continued to occupy a proininont pltico iu ov(U’y 8uofi(!HNive form 
of govci'iinuiut till 1790, when Imvinf< oppoHoil Kiipolemi’n mp 
d'kat ho had to fly frcmi .Vrmico. He took refuge in (loiiovu 
and tlioro in 1797 issuod his MeluphijiiicH of thv. mjinitnimd 
calculus. In 1802 lio n.ssisted Nupoleeii, Imt liiw Kim;oin 
republican convictions \ver<» inceiiHistent with the nit(oilioii ,if 
omoo. In 1803 lie ju-oducod Ids Ommclrn of jKmlum and m 
essay on iransvm'saU, This work deals witli’ prejeelive ruUmr 
than desoriptivo geometry, it jdH«» (ion tains an eliilmniic 
diaouHsiOn of tl\o geomotruud meaning of jmgjitivo imils 
of an algolivaical eipiatiou. In 1814 he olVenul Iiis serviumi t.« 
light for h’ranco, thougli not for tlie empire; and eii tls' 
restoration he was oxihid. 

Jean Victor Poiicolot, Imni at Albtz on .Tidy 1, 1788 nmi 
died at I'aris on Deo. 22, 1807, held a oiiiiimissien in t|ii. 
I'Vonoli engineers. Having hoen made a prisoner in tlie JiVeiidi 
rotroatCrom Mosoow in 1812 ho oeeupiod lim enforced lelmirr 
hy writing the TraUit dcs propriHh projoUivos drs foinm^ wlii.'h 
was publlsliod iu 1822, ami has sinee been one 'of the heat 
known text-hooks on modern gisometry. Dy means of pni, 
jeetion, I'eclproealioii, and Iioniolegoim ligures he estiililiHlim] nil 
the ohuif propjirtios of oonie.s and »(umli'ieH. His Lreiitimi en 
jn-aoticnl iiuichanios in 1820, Ids momoir on water-ndllH in 
182G, and his report on tho .Miiglish maeliiimry nnd tunl'i 
oxhibited at tlio International exhibition lield in benihm in 
Ibfil, deserve mention, lie contriliuted imniorouH tii-Liiih's In 
Crelle’s jounml, The most valuable of lliene deal with tie- 
explanation of imaginary solutiouH in geomotriual prelileiiiH hy 
the aid of tho dootriiio of contiiuiity. 



CAVKNDIHII, llUMfOlU). 


899 


7'/i(! ihvdo]imfinl of mathematical phydcu. 

U will 1"' niituM'd Umt I»i 4 »lac«, and Lcgondvn 

numtly tiinnijiii'il lln»iumdvtm witli uimlyHiH, gc.(n!intiy, nnd astvo- 
nmitV' 1 itni iiinliiiril lit ri'^nnl (JiiiKtliy iiiiil Ihn Jl’i'inich niatho- 
iiiulii'iiMin id' tlio iirrmiut diiy hh hnliiiiging to a diOnronb school 
dl' tlidiiKldi ill tlnd I'lamtili'rinl in tliiH nliaplor and I piiico ilnnn 
aniiniK'ii' niiitli'i'U nutlhi'tiuiliniaiiH, Inik J. Uiink tliab Ji'mirior, 
I'liiHsiin, and lii«' inajm'lly ni* iinnlimiiKmiriim aro Llio linoiil 
HUiinnnMiia nl’ I -a;.'i'anp;n and liaplaiu If lliiH viaw lin corroat, iL 
NVtmlil Hiaan llml. llm lalnr innniljiaH of Ui« Ij'i'onoh Koliool 
ilnvnli'd IhnniHi'tvaa nmiidy lo llin ap|iHcaUou of mallimniiiioiil 
analvniii In Unfnrn noimidming lliowniuillunnivticianH 

1 niav nn-nliiin tlm mml. KngliNh <^\iHn-iauiidiil pliyMt^ who 
oniili'iniaimrii'a, and whumi mcnUs havo only vocontly 
l•(||!(’i\od mv adfunaio rn-ognillnii. (Jliiof iuaong ilieso avo 
(lavondi.'ili and Yiamf<. 

Tho laifiMural-ln Ifnii'i/ OavondlBli waa honi ab Nico on 
Drl, Hh IVlll and diod in .Uanlon on V'oh, 2’l, IHIO. .llo 
crralod ox|a-rinn'nlai oli'olrhaly and Ijuh a hoLtov olaini Uiau^ 
oillii'V I'l'lcailoy nr l.itvoinim' i.» Im doHoriliod hh Lint tnnnilov oi 
cxaoL rlii'iiiialvy. I ini'iilinn Idiii Imvn on ufionanb n£ liia itx- 
iicjinji'nlri ill IVUM In dolovmino tlio dmiKity of lint oaidli, by 
lalinialiiig ilM alii’aittlim iih oomimvnd witli that of two Rivon 
Irad India: llm irtmll- ia timfc tlio niiuui doiiwty of tho earth Ih 

ulinul livn and a liair tiniim tliiil of wntiiv. 

Sir lU nJnmin Thmmim, <!onnt Rwmford, born at Conoovd 
t.M Muivli Ijli, IVfid and diod at Aulimil on Aug. 21, IHifi, 

waa of Kitulbih diairohl and fniiglit on tho wdo of tlm loyo-liHlK 
ill llo- Aiio-iii-an WiuM.f wntohmon: on tho oonolnaioii of pnaeo, 

In- m-lll.'d in Mnnhiiol, hnt auliHininoutly onlovinl iho mirvico 
nf lliivuria wlan- Ida ndlitaty and oivil laiwora of orgiunmlion 
lUMVod of «ioat valuo. At a latoi- poriod ho iiRiviu nmnUid m 
ICoKlun.l. and wl.m tl.oro f.madod tho 

,nai..rity uf Ida imiu-ra won) foitnmimoakd to the Uoyal bouuly 
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of London j of these the most important is his memoir inwlildi 
he shewed that heat and work are mutually coiivertiblo, 

Thomas Young, born at Milverton on June 13, 1773 mul 
died in London on May 10, 1829, was among the most omincnt 
physicists of his time. He seems as a boy to have becm Koiue* 
wliat of a prodigy, being well read in modern languages iiml 
literature as well as in aciencej he always kept up Ins liteiiivy 
tastes and it was he who first furuiahed the key to clcciplu^v 
the Egyptian hieroglyphics. He was destined to bo a iloctoi', 
and after attending lectures at Edinburgh and Giilliurfoii 
entered at Emmanuel College, Cambridge, from which Ii« tonk 
his degree in 1799; and to his stay at the umvcruily Im 
attributed much of his futuro distinction. His medical cmvi'f 
was not particularly successful, and his favorito maxim Dmtii 
medical diagnosis is only a balance of probabiliLics wuh jinl 
appreciated by his patients who looked for certainty in mlnvn 
for their fee. Fortunately his private means wero aiii|)li>, 
Several papers contributed to various learned socioliim i'liiin 
1708 onwards prove him to havo been a niatliomivLiuian di' 
considerable power; but the researches which havo immoi laliml 
his name are those by which ho laid down the laws oE intin'. 
ference of waves and of light, and was thus able to nvcmum) 
the chief dilBculties in tho way of the accopttmoii of ihn 
undulatory theory of light For further details sco liis life 
and works by G. Peacock, 4 vols. 1855. 

Another experimental physicist of tho samo timo iiml 
school was William Hyde'^ oW^Bion, who was born at Di'ivliiiin 
on Aug. 6, 1766 and died in London on Doc. 22, 1K28, lie 
was educated at Cauis College, Cambridge, of which Hiirirly lio 
was a fellow. Besides researches on experimental oplios, Iii' in 
celebrated for the improvements ho eirocted in aHtiimoinicd 
instruments. 

Another well-known writer of the samo period wuh 
Dalton who was bom in Cumberland on Sept, 5, 17b(! luiihlii d 
at Manchester on Jnly 27, 1844. Dalton detcrmiiunl llic kwH 
of the expansions of gases, tho tension of vapourH, mid llm 
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lii'idu nl’ !!n riiiniilod tlio iitoiuio thoov^ in 

It will Iti' niilhoi'i'd ri’oiu tlumn notiiH that thn lilngliHli 
wilinnl nC iiIiyiui'inlH nl, Iho <»f thiH cniiliuy wore 

niiinlly t’liiH'cnu'il willi Mu> t*x|n!viiiinjil4il Hida of tho HviLjcct. 
lUit ill r‘i"l iitiiiiiliitlHoliiiy t.hi*nry onuhl Imfoniuxl without wimo 
iiiniilui' i'airl'iil di’lnriiiiiialiou ol l.)ia ruolH. Tho luowt oniiuont 
I'Vi'iioli |tliyiiiritiln 111’ 111!' iiiiinii Uiiio worn PoihKoii, 

Amiii'i'i’, null ’I'lmir iiiothiid of troiitiiig tlio subjcict 

in iiKini iiiatlo'iiiuliriil lluui ilint of Uuiir I'higliNli contom- 
uik) IIio two Hi'hI. uiiiainl w<ii-o diHliiiguyiod foi' 
gi'tiot'id iiuUlM'iiiidii'id ididily. 

Jniii fiitiilhih] .h'Hipfi Fouvior wan l«ou at Aiixon’o oji 
Mnroli I’/OK ainl ilioil at I’nnn on Iday Ifi, 1830, Ha 
will! till’ timi urn lidlor, mid wiia adurnli’d hy llai llonodiotinoH, 
Till! iniiiiiidii'doitH ia tha iiidfiililiu oorjiH of Mio army woi'ii os ih 
iilill I'lio t'laio in UilHoia ivnarvod for lliomi of g<iod hirfcli, nnd 
lii>iii)<lliii'i iiiidigililo III’ iiaro{il I'll a iiiiliiury lacluroHhijioinnidlu)- 
iiinlii'ii, ill' >"idi a iiniiMiiM'nt inirt 111 IiIh own dUti'tot in 
iho l!"ViiliiliMn, mid wmh rowardnd l>y an iippoint- 
lui'Mi ill 171''' i'l li'” Niii'iotd mdniol, and HulmHjUontly by a 
iiliiiii' III Mil* l’Ml,\(ri’liiii« mdmol. 

Ho wmil svilb Ntiindciia on liin nwtarn ox|HidiU(»n in 1798, 
and wim iiiadn K.ivi'iMur id' b'Wt’i' I'lgyiit. <hil olV IVom Pmuuo 
liy 111” iMigiyi Ib'i't 111’ orKuiilzi'd Mm wovIvhIioiw on wliioli tho 
l-’i-rtii'li ininy Innl I" roly for lliair iminitimw <if war. Ho iiIbo 

i(nlnit..d'h.-vm'iil iiiiiHii'maHnil |ia|H'rM U) tho Kf-yiiLian In- 

hlium- wldidi NiM’id«-..ii I'omidrd at with u viow 

w. ido'idng IbiMliHli inllnmi’o in tho Hiwt. AfUir tlio Ih'itiHli 
viiilurii- 5 t iiiul 111 '' l•nl•i^lllulh»^l of (hmaml Waami in 1801, ho 
ii-lniiu’d lo and wtm mmlo iirohjot of Gronohlo, and it 

wan wliilo Miitm ibat Im lamlo Ida oximrinmnlH on tlio iiroiai- 
mdinn of lu'iil. 11“ "'“V.’d to I'aria in 1KI«. -fn 18‘l!i Im 
i.iddiido'd liii yV»i'-riV </« Mmi\ m whioli ho 

I’ani". Ilia iviomning on N.-wUm'a law of wading, n.uimly tliat tl.o 

2(5 

M. 
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flow of beat between two adjacent molecules is proportional In 
the infinitely small difference of their tempevatxives. Ho atiUrs 
that the theory demands that the temperature of stellar 8piu;o 
should be between -60®O. and -60*0., a conclusion wliioli 
it has aa yet been impossible to vei'ify. In this wovlc Im 
shews that any function of a variable, whether continiinuH 
or discontinuous, can be exj)anded in a serie.s of sines n|‘ 
multiples of the variable; a I'osnlt which is constantly \ihihI 
in modern analysis. Lagi’ango had given particular casrs 
of tire theorem and had implied that the method was gonordl, 
but he had not piu'sued the subject, 

Fourier left au rmfinishecl work on doterminato oqualiouti 
which was edited by Navier, and published in 1831; this 
contains much original nmtter, in particular there is a doniouHtrii- 
tion of Fourier’s theorem on the po.sition of tlio roolw of 
an algebraical equation. Lagrange had sbervn how the v(iii(n 
of an algebraical equation might be separated by lucaiiH nf 
another equation who.so roots were the squares of the (liflMi'' 
ences of the roots of the original equation. Buclau in 1807 
and 1811 had enunciated the theorem ge3ierally known by 
the name of Fourier, but the demonsti-ation was clumsy nnil 
not altogether satisfactory. Fourier’s proof is the sivnui m 
that usually given in text-books on the theory of oquatioiui, 
The final solution of the problem was given in 1829 by J 
Charles Francois Sturm (who was born in 1803 and died in 
1856). 

Among Fourier’s contemporaries who wero intorosted in 
the theory of heat the most eminent was Sadi Oarnot, a Hoii ul' 
the eminent geonietiician mentioned above. Sadi Oarnot was 
born at Paris in 1796 and tiled there of cholera in Aiiguat, 
1832; he was au officer in the French army. In 1824 Im 
issued a short woi’k entitled Ji^exions sur la puiaaancG molru'G 
du feu in which he attempted to determine in what way brat 
produced its mechanical effect. He made the mistako of 
assuming that heat was materia, but his essay was tho com- 
meucement of the modem theory of tiiermodynamics, 
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Simeon Denis Poifison, born at Pifcluvievs o« June 21, 1781 
and died at Paris on April 26, 1840, is almost equally clis- 
tingnished for hie applications of mathematics to mechanics 
and to pliyaies. His father liad been a common soldier, and 
oir his retirement was given some small aclmmisti-ativo post 
in his native village : wlien tlie revolution broke out he 
ajjpjoavs to have assumed the goveinment of the place, and 
being loft undisturbed became a pei-son of some local import- 
unco. The boy was put out to nurse, and ho vised to tell 
how one clay his father coming to see him found that the 
iiurso had gone out on pleasure bout, while she had left him 
Hnsjumded by a small cord to a nail fixed in the wall. Tliis 
hIvo explained was a necessary precaution to prevent him from 
perishing under tho teoth of the various animals and animal- 
culm that ronnied on tho floor. Poisson used to add that liis 
gyiiinaatio ©fForta carried him incessantly from one side to 
the othor, and it was thus in his fcenderest infancy that he 
coimnonced. those studies on the pendulum that were to occupy 


HO largo a part of his mature age. 

Ho was educated by his father, and destined much against 
liiH will to bo a doctor. His uncle offered to teach him tlieavt; 
and began by umhing him prick the veins of cabbage leaves 
with a laiicot. When peidect in this, ho was allowed to 
put on blisters; but in almost the fii-st case he did tliis by 
liimsolf the patient died in a few hours, and though all the 
medical practitioners of the place assured him that “the event 
was a very common one” he vowed ho would have notlimg 
inovQ to do with tho profession. Eetuming home ho found 
amongst the official papers scut to his father a copy of the 
(uic^sfeions set at the Polytechnic scliool, and at once found Ins 
career. At tho age of seventeen, he entered the Polytechnic, 
mid his abilities at once excited the interest of La^-ange 
mul Laplnco whose fi-iondship he retained to the end of then 
lives. A memoir on finite differences which he wrote when 
only eighteen was reported on so favorably hy 
it ordered to bo published in the Jtecmil des smmtsetranr 

2^—2 
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gers. Directly he had finished his course he was made u 
lecturer at the school, and he continued through his lifo to 
hold various government scientific posts and professoi'sliips. 
He was somewhat of a socialist and remained n rigid repnhlioiiii 
tOl 1816 when, with a view to making another empire im- 
possible, he became a‘ legitimist. He took however no active 
part in politics and devoted all his spare time to mathenintics. 

His woi'ks and menioim are between three and four hun- 
dred in nunibei'. The chief treatises which ho wrote were his 
Traitt de m^Qanique*^ 2 vols. 1811 and 1833, which was long a 
standard work j his Th^rie nouvcUe de Vaotion capillairCf 1 83 1 ; 
his TMork mathhnatiquedela chakm\ 1836, to which a 8U]iplc. 
raontwas added in 1837 j and \\\h ltech&>‘ches sv/i' la 2 ^robahUilv 
1837. He had intondwl if ho had lived to writti 
a work which should cover all mathematical physics and in 
which those would have been incorporated. 

Of his memoirs on the sxibjcct of pure mathematics tlm 
moat important are those on definite integrals, and I’ourior’H 
aeries (these are to be found in the Journal polyloclmiquo I'roiii 
1813 to 1823, and in the Mhnoires de I'Acudcmie for 1823), 
their application to physical . problems constituting one of his 
chief olainia to distinction; his essay on the calculus of viivia- 
tions {M&m. de VAcad., 1833); and his papers on tho probability 
of the mean results of observations {Connaiss. des Tempif, 
1827 &c.). 

Perhaps the most original of his memoirs in applied inatlio- 
matics are those on the theory of eleetrioity and maguotiam 
which created a now branch of mathematical physics. !lli) 
supposed that the results were due to the attractions and 
repulsions of imponderable portides. The most importan t of 

* Among Poisaou’s contemporaries who studied nieohanioB niul ol' 
whose works ho made use I moat mention Louis Poimot who was horn 
in Paris on Jnu. 3, 1777 and died there on Deo. 6, 1859. In his Slaliiiur 
IJiiblished in 1803 ho treated the suhjeot without any explicit roforciiuc 
to dynamics : the theory of oonideB is almost wholly due to him (1800), 
"" •notion of a body in space under the action of no foroos. 
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tlioso on physical astronomy ai*e the two entitled Sur les 
inogalitSs s^aulaires des moyens mouvcvienia des planetes, and 
la variation des constantes arbilraires dans les questions de 
vicoanique (Jhuiwt? polyteckniqiie, 1809). In these Poisson 
cUsouases the question of the stability of the planetary orbits, 
wliiclv had already been settled by Lagrange to the first degree 
of approximation for the disturbing forces, and shews that the 
I’CiHult can ho extended up to the third order of small quanti- 
tic!H. Thoso wore tlie memoirs which led to Lagrange’s famous 
momoir of 1808. Poisson also published a paper Sur la libra' 
limi de la lii/ne (Connaiss. des remjw, 1821)] and another 
la moK/vcjn&nt de la t&i'i'e auiour de son centre de gravity {Mhn. 
do VAead,, 1827). Hia two most important memoirs on the 
tlitiory of attraction aro Stir Valtraction des sphh'oides [Ooiinaiss, 
dfis Tnmpa, 1829) and Sur I'altraclion d’un eUipsoide homoghie 
{Alhn. de I' Acad., 1836). Tho substitution o£ the correct equa- 
tiou for tlio potoutial V®K* = — 47rp for Laplace’s form of it 
Kra 0 waa first published in tho Bulletin de la SodH^ BUlo- 
maiique, 1813. Lastly I may mention his memoir on the 
tilioory of •vvavcH {M^ni. dc VAcad., 1825). A complete list of 
his \voi'ka is given in vol. ii. of Arago’s works, 

Ampere was born at Lyons on January 32, 1776 
and died at Jlarseilles on Jxme 10, 1836. He was widely read 
iu till branches of learning, and leotured and wrote on many of 
tlroin, but after the year 1809 when he was made professor of 
analysis at the Polytechnic school in Paris he confined himself 
almost ontiroly to matliomatics and science. His papers on 
tho connection between electricity and magnetism were written 
iu 1830. According to his theory propounded in 1820 a mole- 
oulo of matter which can be magnetized is traversed by a closed 
cjlecjtric current, and magnetisatiou is produced by any cause 
which makes tho direction of these currents in the differen 
mol.joulea of tho body appi-oach parallelism. For furtliei 
dobuilB of his writings see Valson’s Mude sur la vie et Us 

oimrages d‘Amj}}h'e,'Ly<in&,\^^^. _ ,r m i'7«« 

Augus^n Jean Fresnel, born at Broglie on May 10, 1788 



406 LAGRANGE, LAPLACE, AND THEIR CONTEJIPORARIES. 

and died at Ville-d’Avmy on July 14, 1827, was a civil engi- 
neer Ly profession, but he devoted Iiis leisure to the study of 
physical optics. The undulatory theory of light which Hoolto, 
Huygens, and Euler had suppoi-tetl on d, priori grounds had 
been based on experiment by the i*eaearcli8s of Young. Frestiol 
deduced the mathematical consequences of these experimontH, 
and explained tire phenomena of interference both of ordiniiry 
and polarized light. 

His friend and contemporary Jean Sajytiste Biot who was 
born at Paris on April 21, 1774 and died there in 1862, ni- 
quii’cs a word or two in passing. Most of his ninthennvtiral 
work was in connection with the subject of optics and ospeciiilly 
the polarization of light. His systematic works were all pio- 
duced witliin the years 1805 and 1817: a selection of hie nioro 
valuable memoirs was published in Paris in 1868. 

Fra/iiijois Jean Dominique Arago was born at Estagul in 
the Pyrenees on Peb. 26, 1786 ami died in Paris on Oct, 2, 
1863. He was educated at tire Polytechnic school Paris, and 
wo gather from his autobiography that however distinguisluid 
were the professors of that institution they were remarkably in- 
capable of imparting their knowledge or maintaining disciidiuo. 
In 1804 he was made secretary to the observatory, and froiir 
1806 to 1809 he was engaged iu measuring a rneridiaii ai-c in 
order to determine the exact length of a metre. He was tlum 
made one of the astronomer's at Paris, given a residonco thcro, 
and made a professor at the Polytechnic school wlrero liu 
enjoyed a marked success ns a lecturer. Ho subsequently gfu’o 
popular lectures on astronomy which were both lucid and 
accurate, a combination of qualities which was rarer then tlimi 
now. 

He reorganized the national observatory, the management 
of which had long been inefficient, but in doing this lie shewed 
himself dictatorial and passionate, and the same defects of oliii- 
racter revealed themselves in many of the events of his life. 
His earliest physical researches were on tho pressure of steam 
at different temperatures, and the velocity of sound, 1818 to 
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The introduction of analysis into England. 

It will 1)6 remembered that the English mathematicians of 
tho beginning of this century still eoulined thomaelves in general 
to strictly ITe^vtomoai metliods. Almost the only exception was 
Ivory to whom the celebrated theorem in attractions is duo, 

James Ivory was born in Dundee in 1766 and died at 
Douglastown on Sept. 21, 1845. After graduating at St 
Andrews lie became tlie managing partner in a ilax spinning 
company in Forfaraliire, but continued to dovoto most of his 
leisure to mathematics. In 1804 ho was made professor at 
tlie Royal Military College at Marlow, which is now moved to 
Sandhurst. Ho contributed numerous papers to tho Philo- 
sopHcal Transactions, the most romarkablo being those on 
attractions. In ono of those, in 1800, ho sliewod liow tho 
attraction of a hoinogoucous ellipsoid on an external point is a 
multiple of that of another ellipsoid on an internal point : tho 
latter can be easily obtained. Ho criticized Laplaoo’s solution 
of the method of least squares with uunecossary bibbtjrness, but 
only proved his incompetence to uiulorstiuul Laplace, 

Tho introduction of the notation of tlio diflbrential calculus 
into England was duo to tlrree imdoi'gmduates at Camlnddge, 
Babbage, Peacock, and Horschol, to whom a word or two may 
be devoted, The original stimulus oamo from Proiich sources 
and I therefore place these romarka at tho oloso of my account 
of the French school, but I should add that tho English 
mathematicians of this century at oiioo struck out a lino quite 
independent of their French contemporaries. 

Charles Babbage was bom at Toigninouth on Dec, 2G, 
1792 and died in London on Got. 18, 1871. Ho ontorod at 
Trinity College, Oambiidge, in 1811, and in tho next year 
joined Herschel and Peacock in founding tho Analytical 
Society, which Babbage explained was to advocate “the 
principles of pure d-ism as opposed to tho dot-ngQ of tho 
university.” In 1816 tiie society published a translation of 
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Lacroix’s differential ealorxlus, wliieli was followed in 1820 by 
two volumes of examples : all elementniy works on this subject 
siiico published have abandoned the exclusive use of the fluxioiml 
notation, It should be noticed in passing that Lagi-auge and 
Lai>lace like Six' William Thomson and other modern writers 
use both the fluxional and the differential notation. It was 
tho oxcUisive use of the former tliat was so hampering. 


Bubhago -will always be famous' for his invention of an ana^ 
lytical muchiuQ which could not only perft»rm the ordinary 
prnaoRaeM of arithmetic, but could tabulate the values of 
uiiy function and print the resvalta. The machine was never 
finiahed — somewhat owing to Babbage’s own fault— but the 
drawings of it now cleposite<l at Kensington satisfied a scientific 
cominisaion that it could bo constructed. Babbage was Lucasian 
profosaor at Cambridge from 1828 to 1839, though by an abuse 
which was then possible he never resided or lectured. 

Ocorge Peacock, born at Denton on April 9, 1791 and died 
at Ely on Kov. 8, 1858, was educated at Trinity College, 
Oambridge, of which society he was a fellow and tutor. In 
1837 liQ WAS appointed Lowudean professor, and in 1839 was 
made clean of Ely. His influence on the Cambridge and 
English Tnathematiciuna of his time was considerable, but he 
has loft few reniainB except his Examples illustrative of the ixse 
of the diferential calculus, 1820; his Algebra, 1830 and 1842; 
and Iris .Report on recent progress in analysis, 1833, which com- 

inoncod those valuable suinranries of scientific progress which 
onvioh many of tho annual volumes of the British Assocmtiou. 

Sir dohn Fredoiick William Heischel was born at Slough on 
March 7 1792 and died at Collingwood on May 11, 1871. He 
.VE.B educated at Eton and St John’s Oollego, Oambnclge, and 
it .van while an nndorgmduato tlieto that ha made the acquaint- 
anoo of Babbago and Peocoak. With youthful I;" 

proposed that thoy should enter into a cempaot to do the 
boat to leave the avorld wiser than they found it, and the 
iiitrodnotion of the difforcntial 

oiu-i-ioiiliun was proposed by his two friends as the fiist test of 
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their sincerity. His father was Sii- William Herachel (17i)8— 
1822) wlio was the most illuatiious astronomer of the Inst linIE 
of the last century, just as the son was amongst the most 
eminent astronomer.^ of this century. Besides lus mnnoroim 
pai)er.s on astronomy, whicli lie outside the range of tliis l,u,.k 
Ins Oullmp.H of astronomy published in 1849, liis article on’ 
Liglit in the Snmjchptedia MetropolUana, and that on M'oteo. 
rology in the 8tli edition of tlio Mncydopmdia Ih'itminim 
deserve mention for their mathematical or physioal merits. 

TJm work of tliis little society was supplomentod by Umru 
Hamilton, born at Edinburgh on April 3, 1794 and dioll 
at Salisbury on Eeb. 7. 1880, who was also a fellow of aVinitv 
College. Cambridge, and wlio in 1826 published an analytical 
geometry which was an improvement on anytliing tlion acoos. 
sible to English readers. These text-books woro soon ropliuiod 
by better ones, but the latter lie outside the limits of tliin 
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Section 1. 
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Elliptie and Abdian functions. 
The theoi^y of nunxbcvs. 

Higher algebra. 

Modern geometry. 

Analytical geometry. 

Analysis. 

Asti'onomy. 

Malketnatical physics. 


The Fi'eiioh school which flouTishccl at theheginnhigof this 
century iiuiy bo taken as ending with the deatli of Logenclre 
and Poisson, at any rate ns fai* as inathematiciiins of first-rate 
ability aro ooncoviiGcl. TJio inatLomaticians of tlie nineteenth 
cantiu’y have mostly specialized tlieiv work in one or more de- 
l^tn’tinenta, They may roughly be divided into those who have 
specially stnelied pure mntlicinatics (in which I slionlcl inolude 
theoretical dyrtaniicH and astronomy) and those who ImA^e 
specially stndiod physics: the latter subject requiring as it 
develops a fair knowledge of mathematics even on the part of 
those who treat it from the experimental side alone, Among 
the writers of this period I include Ganss, Abel, CnucJiy, and 
a few othovs ■\vlio, though they were contemporaries of the 
later years of H/agrango, Laplace, Logendi'e, and Poisson, stand 
quite apart from the Pi-ench school, of which the latter mathe- 
maticians were the most distinguished members. 

It is Gvidently impossible for mo to discuss adequately the^ 
mabhematioians of the ago in which we live, especially as I 
purposely oxoludo from tliis work any detailed reference to 
living writers, I make therefore no attempt to give a complete 
history of this century, bub as a sort of appendix to the pre- 
ceding chapters I may speoiolly* mention the names of the 
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following raatliematiciaais as among those who have contributed 
most powerfully to the i*ecent progress of mathematics. I add 
the date of birth wherever I know it. 

Niels Henrik Abel, bom at Findoe on Aug. 5, 1802, and 
died at Arendul on April 6, 1829 (see p. 416): John Ooudi 
Adams, of St John’s and Pembroke Colleges, Cambridge, born 
in Cornwall on June 5, 1819, and now Lowndcan profesaor 
at the univeraity of Cambridge: Paul Emile Appdl, born at 
Straasburg 1855, and now professor in Paris: Siegfried Hoinrioli 
Aronhold, born at Angerbiirg on July 16, 1819: Sir Eobort 
Stawell Hall, of Tadnity College, Dublin, born at Dublin on 
July 1, 1840, and now astronomer reyal of Irelmrd: Eugenio 
Beltrami, born at Cremona 1835, and now pi’ofessor at Pavia: 
Joseph Louis Frau 9 oi 8 Bertrand, born at Paris in 1822, anil 
now secretary of the French Acjidemy: Friedericli Wilhohn 
Bessel, born at Minden on July 22, 1784, and died at IConigs- 
berg on March 17, 1846 (see p. 438): Enrico Betti\ Ludwig 
Boltzmann, professor of physics at the university of Vienna! 
Georgo Book, bom at Lincoln on Nov. 2, 1816, and died at 
Cork on Dec. 8, 1864 (see p. 430): James Booth, horn in county 
Leitrim on Aug. 26, 1806, and died in Buckinghamshire on 
Aiu’il 15, 1878: Carl Wilhelm Borchardt, born at Berliii. on 
Feb, 22, 1817 : C. J. 0. Bouquet'. Freucesco Brioschi\ Charles 
Briot, born in 1817 : Arthur Cayley, of Trinity College, Cam- 
bridge, born at Richmond in Surrey on Aug. 16,T821, and Jiow 
Sadloriau professor at tlio uoiveraity of Cambridge : Augustin 
Louis Cauchy, bom at Paris on Aug. 21, 1789, and died at 
Sccaux on Slay 25, 1857 (see p. 436) : Slichel Chasles, born at 
Epeniou on Nov. 15, 1793, and died at Paris on Dec, 18, 1880 
(sec p. 433): Rudolph Julius Emmanuel Clausius, born at 
Cbslin on J an. 2, 1822, and died at Bonn where ho was professor 
of physios in August, 1888: Rudolph Frederick Alfred Ckhch\ 
William Kingdon Clifford, born at Exeter on May 4, 1845, ami 
died at Madeira on March 3, 1879 (see p. 434) : Luigi Cremona : 
Morgan William Grojlonx Jean Gaston Darhoux, born at 
Nhnes in 1842, and now professor in Paris: George Howard 
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and now ja'ofoHKOv in PaviH : Honry John Stephen Smith, born 
in liOinlon on Nov. 2, 1B26, and died at Oxford on Fob. 9, 
IHH‘2 (w'o p. 424); Karl Oeovg Ohristinu von SlmuU, born at 
lloilKmbnr}' on iTan, 24, 1798, and died in 1867: Jacob Steiwr, 
bin'll at U t./,onnilorf on Maiiih 18, 1796: Georgo Gabriel Stokes, 
of I’liinbroko (Jollogo, Gainbridgo, bom in Sligo on Aug, 13, 
1819, and now laioiiHian jn-ofosaor nt tlio imivoraifcy of Cnm- 
bi'idgo : .lainoa tloHiijili Sylvonter, of St John's Collego, Cam- 
liridgo, boi’ii in Jiomlon on Sept. 8, 1814, and now Savilian 
proliKisor all tlio nnivoi'Hity of ()xfoi*d : Pafiiutij Tchehycheff, 
iiorii in lUiimiii, 1821, and forinorly profossoi* at tho university 
of St l.'oliorHburg: Hir WiUiiun Thomson, of Pefcorliouso, Cam- 
liridgo, born a(i llolfaHt in Juno, 1824, and now proEosHor of 
natural }iliiln(iO|ihy at tlio univovsity of Glasgow : Wilholin 
Kdward IKti/air, born at Wittomborg on Got. 24, 1804; Karl 
II'fiiVij'w/wHrt, born at OHtondfolde on Oct. 31, 1811), and now 
jivol'i’imor at the imivorHity of llorliii: Gustivv Wiedenimin, 
born nt Ilorlin on Got. 2, 1826: 1 lioi-onymus Georg ^euihen, 
born In Diiniiiavk, 1839, and now profosBor at tbo university 
of ( !o|innliiigoii. 

'.I’lio altovo lint is not and does not]irotond tobooxhciustivo; 
aii<l it in of only a fow of thoso tboro inontioned that I hero 
give ovnii tlio liriolVmt iiooount. In npito of thoso liiuitatioua 
and of tho oonnidonddo trouble 1 bavo Uikon over it I am not 
.latinliod witb thin obaptor; and though my friend Dr GlaiBher 
him kindly rouil tho jiroofs of jMirb of it, added somo names, and 
1,11 iiml :Mr li’orKylh have annwored my uumorous ques- 
lionn yot tlio foi'in in which I had oast it and tho inhoront 
dillionlliioM of the Hubjocb have I fear prevented it from boing 
otiiorwino than most iiiiporfeob. The quantity of matter pro- 
duood during thin oontnry hiiH in faotlicou bo onormous that 
„„ (mo can oxpoot to do more than mako himBolf noqimintod 
with tho work in nunui Hinal! deiMirtment. I hope however 


• li'on.xiimplo, I iiifor from IhflcatnloBUO of KoicnUno papore which 
poi iuiUiially iMHiird liy Urn Uoyal Boololy, that aomcUuiifi lilco 15,000 
mminatn Hdlimlille mmieiiH are now publiHlicd ovory year by tho diftoio 
miMkn imd jouvnalH nfKuroiM) anil Amonoa. 
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that histories of separate subjects will gradually be written 
similar to those of the late Dr Todhuntor on tho theory of 
attractions and the calculus of probabilities; whenever that is 
done it will be possible from those separate works to construct 
a general history of tlie mathematics of this century. Some- 
thing of this kind will he found in tho annual volumes of tho 
British Association, which contain a number of reports on the 
progress in several of tlio bi'anclies of modern mathematics. 

I have tried to ai'i'ango tho mathematicians mentioned above 
according to tho aubjecte in connoctiou with which they nro 
best known, arranging tlio latter in tho following order : 
Elliptic and Abelian functions, Tlieory of numbers, Higher 
algebra, Modern geometry, Analytical goomotry, Analysis, 
Astronomy, and Physics. 

I should add that whore a writer is tho autliov of numorouB 
memoirs and not of any single treatise on a subjoot I have 
generally merely noted tho fact that ho has. written on it; and 
I would refer any one who wi.shos for more details to tlio 
invaluable classified cntaloguo of all tho soioiitifio papovs eon- 
tributed during tins century to any society or journal which 
has been compiled by tho Royal Society of London. 

Elliptic aivd Ahelim fimotioM, 

In discussing Logendi-o’s work on ollipiio functions I men- 
tioned (seep. 306) that ho lived to see his mothods of troatmont 
superseded by those of Abel and Jacobi. I’hn rosoarolios of 
the two lastr-named mathenmticijuiH formed tho stivrting^ioint 
for a number of wx’itors of wltom tho most in’ominont nro 
perhaps Riemann, Weierstrass, RoHonhain, Henry Smith, 
Gbpel, Oayley, Hoi’mite, ICoiiigaborgor, ami Jlalphon. 1! add 
here a few notes on Abol, Jacobi, and Riomann; and in tho 
next section give a few linos on tho work of Honry Smith. 

Niela llenrih Ahol was bom nt EindoU in Norway in 1802 
and died at Arendal in 1829, at tho ago of twenty-six. His 
memoirs on olliptio functions which wore originally ])uhli«]icd 
in Crello’s Journal treat tho subject from tho point of viow 
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of the theory of equations and algebi’aic forms, n treatment to 
wliich hia researches naturally led him. The important and 
vory general result known os AbeTs theoi-ein, which was subse- 
quently extended by Riemann, was sent to the French Academy 
in 1828, but was not read or published till twenty years 
lator. The name of Abelian function has been given to the 
higher transcendents of multiple periodicity wliich were first 
discussed hy him. As illusti'ating his wonderful fertility of 
ideas I may in passing notice his celebmtccl deiuonstiatioii that 
it is impossible to solve a quintic equation by means of radicals; 
this theorem was the more important since it definitely limited 
a field of mathematics which bad previously attracted numeroiis 
writers. Two editions of Abel’s works have been published, of 
which the last, edited by Sylow and Lie and issued at Christiania 
in 2 volumes in 1881, is far the best. His life hoe been recently 
written by Bjerlcnos and published at Stockholm in 1880. 

Karl Gustav Jacob Jacobi, born of Jewish parents at 
Potsdam on Deo. 10, 1804 and died at Berlin on Feb. 18, 1861, 
was oduoatod ab tlio univei^sity of Berlin wliere he obtained 
tho clogreo of doctor of philosophy in 1825, In 1827 ho 
becamo extraordinary professor of mathematics at IKiinigsberg, 
and in 1829 was promoted to be an oi-dinary professor; this 
chair ho occupied till 1842, when the Prussian governraont 
gavo him a pension, and he moved to Berlin where ho con- 
tisrued to live till his death in 1851. His most celohrated 
invostigalions are tliose on elliptic functions, tho modern nota- 
tion in which is clue to him, and tho theory of which he 
ostablished simultaneously with Abel but independently of 
Jiim. TliOHQ nro given in his treatise Fundamonta nova theori® 
fuuctionum olliptioarum, IConigsbei’g, 1829, and in some later 
papers in Crello’s Journal. The correspondence between 
iLogemdro and Jacobi on elliptic functions eclited hy Borcharclt 
is given in Crello’s Journal for 1876, and has been reprinted 
ill vol. I. of Jacobi’s collected works. Jacobi, liko Abel, saw that 
tho importance of tho subject was not that it was a group of 
thcoi’eins on integration, but that it introduced a now kind of 
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' function, namely one of doiible periodicity J lienee lie paid 

particular attention to tlie theoiy of the tlieta-function. The 

; following passage (on p. 87 of vol. i. of his collected works) 

in which he explains this view is suiHcieiitly interesting to 
deserve textual reproduction, “E quo, cum nniveraain, quae 
iingi potest, amplectatuv periodieitatein analytioain clucot, 
fuuctionos elliptieas non aliis aduuinerari doboro trunsconden- 
tibus, quae quibusdam gaudont elogtuitiis, fortasso pluribus 
illas aut inaioribus, seil speciom quandam iis incsso jjer/octi 
ei absohUi.” 

Among Jacobi’s other investigations I may apcoially singlo 
out his papers on determinants, which did a groat deal to bring 
them into general use; and particularly his invention of tliu 
Jacobian, that is of the functionnl determinant formed by Iho 71 ” 
partial differential coelTicionts of tho lii’st order of n given 
functions of n independent variables. I ought also to niontion 
his papers on Abelian transcendents; bis investigations on tiio 
theory of numbers, theso latter being founded on those of Chuiss ; 
and Ills numerous memoirs on tho planetary theory and other 
particular dynamical problems, in tho course of wliicii ho added 
considerably to tho theory of differential equations. Most of 
these researches are included in liis Vorlesungon liber .Dyiiainik, 
edited by Clobsch, Berlin, 1866. His oolleotoa works wore 
publislied at Berlin, 2ud edition, 1881. 

Georg Friederich Jfei'nhard Biemann, born at Broselmiz; on 
Sept. 17, 1826 and died at Solusen on July 20, 18GG, studied at 
Gottingen under Gauss, and subsequoiitly at Horliii imdor Ja- 
cobi, Birichlot, Stoiner, and Eisenstoiu, all of ■whom were jiro- 
fessors there at tho snmo time. His oarUesb paper was in IBliO 
on functions of a complex variable. This -was Rucoeeded in 
1854 by one on tho hypotheses on which geoinntry is fouiulod 
His chief memoirs arc on elliptic functions, tho theory of num- 
bers, and the fundamental conceptions of geomotry, but he nlwo 
wrote on physical subjects. It is hardly too nuioh to .say that 
in his memoir on elliptic functions in Borchardt’s Journal for 
1857 ho did for the Abelian functions what Abel Inul dono for 
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tlio elliptic fmictionSj and it is this ijcrliaps that -sWll constitute 
one of his chief claims to future distinction. His short tract 
of eight pages on the number of primes wliicli lie between two 
given numbers is one of the most striking iiistimces of his 
genius and analytical powers. Legendre liad previously shewn 
(Th. des Nom. § 404) that the number of primes le.ss than n is 
very approximately n/(}ogw-l‘08366); but Rieinann went 
further, and tliis tract contains all that has yet been done 
in connection with a problem of so obvious a character that it 
suggested itself to every niatbematieiau who considered the 
theoi'y of lunnbers and yet which overtaxed the powers of nil 
his predecessors, including even Lagrange and Gauss. His 
papov on tho fundamental conceptions of geometry lias excited 
much iutorost and discussion. His collected works, edited by 
Weber and prefaced by an account of his life by Ledokindj 
woro published at Leipzig in 1876. 

Among other and more recent works I may specially men- 
tion tho following. Tlio Zur Thcorio dor Abel’suhen Integrale 
by Weieratrass, 1849, which ^Yith other paiieis and lectures by 
tho sanio author has created a new development of the subject. 
A moini)ir by Kosenhain in the transactions of the Berlin 
Academy for 1848 on the double theta function; his Do inte- 
gralibus fuuctionuin algebraicaiHim, 1844; bisDeber die hyiier* 
olliptiHchon Trnnscendenten, 1844; and liis Siir les fonetions de 
doux variables ot a quatve p6riodes, 1850. Tlio reseavclie-s of 
Henry Smith which are chiefly on tho tlietn and omega functions, 
-will bo found in his collected works now being issued by the 
univcr.sity press at Oxford. The most important of tlio.so of 
Qbpel are on the liyperelliptic (double theta) functions; for 
further details see a note by Jacobi in vol, 36 of Crollo’s Journal. 
T'lio most important of those of Cayley ai-e on the connection be- 
tween Legendre and Jacobi, and will bo found m Ins collected 
works which the university of Cambridge avo now preparing. 
Tho rescarclies of Hermlte are mostly concerned with tho trans- 
formation theory, a.subjectwhichhealmostci-eated, aud with the 

27.-2 
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connection between the methods and results of Woioratrnss nn'd 
Jacobi. The transformation of tlie doiiblo theta fuuotimi hiiFt 
also been considered by Konigaberger. Tho invostigatioiis of 
Halphen (which are largely founded on Weierstras-s’ >vork) nro 
included in his Fonctions eUiptiquesin 3 yols. of wliicli only the 
first has been yet (1888) issued. I should add tlmt tlio loxt’ 
book on Elliptic functions by Brlot and BouaUQt, 2nd od. 1K73, 
contains a clear account of the subject ns it exists at in-osont, 
developed from the point of view of tho complex variable. 


The theory of numhers. 

*1 have already mentioned Gauss as having been (uigagud 
as early as 1801 in msearchos on tho theory of luiinhovrt - 
re.SGarches which wei’e carried on at the same timo an but iinlr;. 
poudeutly of those of Legendre, Gauss' work sorvoil an tlio 
starting-point for n scliool of writei-s of wlmm «oino nf l)io 
most celebrated members ai‘e Jacobi, Dirichlct, Cum-liy, 
Liouville, Eisenstein, Henry Smitli; and among living nmllii*' 
mnticians Hummer, Kroneckor, Hernuto, DDdokind, iiiul 
Tohebycheff. Interest in investigations similcii* to tlinnn vt 
these writei-8 seems to have recently flagged, and it is poHMihlo 
that tho subject may bo better approached on other Jitnw. i 
add here a few notes on the work of Gauss, .Divieldtd, iitid 
Henry Smith : the writings of Jacobi are briefly alluded to oji 
p. 417, and those of Cauchy on p. 43C. 

ICarl Fnedm-ich Gauss was born at Brunswick, Api il 23, 
1777 and died at Gottingen on Feb. 23, 1855. His father was 
a bricklayer, and Gauss was indebted for a liberal oducaliim 
(much against the will of his iJuronts) to tho iiotici* which 
Ins talents procured from the reigning dulco. In ITOD (huiKS 
published his proof that every algebraical erjuation bus a root 
of the form a + Jf. lu iSQl this was followed by liis DU- 
qnisitiones arithmeticce on the theory of annnbors, anti whiofi 
forms the fii-st volume of Iiis collected works. TJiis was ntuit 

a^ woitliless ns tho rcforcow bn- 
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lievecl, would have been unjustifin’ble : Gauss was deeply hurt, 
aticPhis’ rellfctaiiee "to publish his inv^tigatuma ia chiefly 
attributable to this unfortunate incident. The next year 
ho calculated the elements of the planet Ceres from data 
which had boon previously supposed to be insufficient. Tlio 
attention excited by these investigations procured for him 
in 1807 the appointment of directov of the Gottingen ob- 
servatory, an office whiclr he retained to his death ; and it 
is said that after his appointment he never slept away fi’om 
his observatory except on one ocwision when he attended a 
scientifio congress at Berlin. In 1809 he published at Ham- 
burg his Theoria motus eorporiun cflolestium, a work which 
largely contributed to the improvement of practical astronomy; 
and on the same subject but connected with observations in 
general wo have his memoir Theoria combinatioiiis observn- 
tionum ervoribus minimis obnoxia, with n second part and a 
supplement. Hia first paper on tho theory of magnetism 
entitled Intonsitaa vis magueticio terrestris ad mensurain abso- 
lutam levocata, was published in 1833. A few jnontjis afto r- 
wards he, ...tpgether with Weber invented tho clsclination 
i ngtrument and tho bifilav : and in the same 

y^r they erected at Cfoltingcir' a luagimtic observatory free 
from iron (as Humboldt and Arogo had previously done on 
a smaller scale) where they made magnetic observations, and 
in particular shewed that it was possible and practicable to 
send telegrapbic signals. In connection with this observatory 
Gauss founded the associa-Uon of Magnotischo Verein with 
the object of securing contimrous obsorvationa at fixed times. 
The volumes of their publications, Resiiltate aus der Beobacb- 
tuugon des Magnetischon Vereins, for 1838 and 1839, contain 
tho two important memoins by Gauss entitled Allgeinoine 
Theorie dor Erdniagnotisrans and Allgemoine Lolirsatze, on 
tlie theory of forces attracting according to the inverse square 
of the distance. Ho co-operated in tho Danish and Hanoverian 
geodetical operations which lasted fi*ora 1821 to 1848 j and in 
connection with these he wrote in 1843 and 1846 the two 
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possible to flncl a sqiwvo niimlwr wliich wlion ilivi,],,,! „ 

l«vesA i-omom<lo..„, i„„H,oi- wonle „ is cjuarb,,ti„ ....sp,,, , 
of?); wboii tlio romaimlop i» - 1 thorn exists no s„„|, 
luimbor end n ,a a non-reahluo of p. The law of ,|na,l,-„tio 

y 

(I) ©“(-i)''-'’'*-'*; 

tlnis if A is a msitluo of « thou n i« alwo a imUhxi) of L nnK'ss 
liotli of tluj inumos n ami b iiro of tlio form 4m -i- II 

hi o(;Ijoi’ wowIh, if » ft„(i i, 1,0 odd pi-iinoH wo IcJiow Dial; 
a. 1 (motU), ami AS(«-i)3o,;l CiiKnh,). 

Jmt by LogoiuhVa law D two ambiguitio« ^vill oUh.w Im 

'f <"1(1 |„•i.,lo is a j.on.ve„i,|i,„ of 
aiwtlior t urn tlio late will l,o a iion.rosi.liio nf tliii fonooi' 

o^irand bi "T'?' »”»!'"'• InwH of 

tl ■«|l>ro,„Oy; and an i,„po.-tant bsaool, of 

*17 , '""7” '''>«• <>» tl.sHo rosoavehos 

rius weak also oontaioa Oho ,,s„t„l theorem by avhioli, wl.oo it 

n bot ll r and a di»o.,»«i„„ 

»q«Z! "" ‘1*“ «"■" '>f 

first am dnvni i ^ n- x' f ^bird and jiiost of Mm 

1 staindoyotad to olhptio funotionaj tho bullc of tliiH Imliur 

I iiTia G y inoludod in tlio J'^mc/ions (iUi^itiqHan, 'I’Jm GonfcimlH 
and iu im'rtioiiL ” bysoHoa, dofinito int.-^^ralH, 

Gamma fnnoti, 

twovolunum 

m and IS tho most important of Logoiul i-o’s worlot. 
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papers Ueber Gcgenstiimle der liShem Geodiisie. In 1840 he 
woto the Dioptrische Untei-sucL ungen. Of the romainine 
memoirs in pure mathematics tlio most remarkable are those 
on the theory of biquadratic residues (in whicli the notion 
of complex numbers of the form a + M was first introduced 
into tlic tlieory of numbers) in wliieh are included several 
tables, and among othera one of the number of the classes of 
binary quadratic fonns: that i-elating to the proof of the 
theorem that every numerical equation has a real or imaginarv 
root: that entitled Summatio quarundam serierum sinaula.. 
lum : and lastly one on hyporgeometvic series, and another 
on interpolation We have also the memoir Allgemeino 
Auflosung, on the graphical representation of one surfarn 
upon another; and tlio Disquisitiones genorales circa super- 
fioios ourvas et series infinitas: tlio latter contains a Ills 
cussion of the gamma-function. In the tlieory of attractions 
have a paper on the Attmetion of homogeneous ellipsoids • 
the already-mcntioned tract Allgemeino Lohrsiitec, on the 
theory of iorces attmeting according to the inverso square of 
the distance 5 and the memoir Determinatio attraotiouis, in 
which a planetary mass is considered ns distributed over its 
orbit according to the timo in which each portion of the orbit 
18 described, and the question is to find tlie attraction of sucli 

Leaving out of nccomit I, is theory of magnolisra and l,is 
papers on the pmetical sides of astronomy and magnetism his 
most celebrated work is his Disquisitiones nrithmotiem. I’i.ia 
and Logendro’s Th&rio dos nombroa romnin standard works on 
ho theory of numbers. But just as in his disouasion of ollintie 
fiinetions Legendre showal himaolf unnblo to rise to the eon 
cepton of a new subject, and confiuod himself to rogardin. 
the... t ,oory as a chapter in the intogral onlenlns, so he troate," 
thooiy of .imnhers as a diaptor in nlgobrn, Gauss liow- 
er reolized that the thooiy of diaovoto mngnitudoa or iiiolicr 
arithmotie was of a totally diflbront kind to that of oontinnm.s 
magnitudes or algebra, and he inYon ted tho. notation and 
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(liuiKH* work on tlio Ihooiy of mnnlx'rs was aiipplaiiKaitial 
liy Mmli of Jacobi, who lirat provail th(> law of ciiliio 
roaipidiiily ; (HhoiihkoiI tho tliooiy of I'aMidm-H; and in ]iw 
Canon iiriLhiuoticuH ^nvn a tiiliio of rcKiiliiitH of iiriino 
Tliii anliji-cl. wuH uis.sl; (ukon u|> ly l^ijmino J)inolih'(i, who Jh 
known mlJuir uh Urn ox|«miulor tif (lansa tlian fm- his own 
oi-iKioal invcati^ariiuiH, vnliinhlo tlioiiKh noma of Llirso m-o. 
/‘liiii’ /.v/fuiiii Bli-lclilot waa horn at Dllron on l'’i>h. i;} 

iHOri and itlod ul (l<itUiijr,,n on May fi, iHf)!). H,, ludd hik;- 

i:('Haivoly jii'oro'iaoiHhiiw at .Ih'ofduu and Iho'lin, and on (Iiiuhh’ 
d»nilli iit IH/ifi wna u|i]ioiulii(| |,o mirocoil liim at (Jiittin^on. ,llo 
intimdod to liniah (hinim’ iiiaomploto worka, for wlijoli lio wiui 
admirahly litlad, Imt his aurly doalh iirovonlod liia oHWtLiiiK 

IliiH. hiriohlot wroth nnrui'i-oua my ol'wliioli norviul 

to IraiiHlaUt (Jiuihm’ wnrloi inlo a hottiir and nioro intolli/^ililo 
notation. (If Ida onf(i>iid work (ho moat ladoliratcd in that 
on tlin dotonninutihii of nmniiH with aiiplioatiomi to tliii dia- 
tiHaition of in-imo numhara. ||m on tlio timory of 

inmdaim himi limi mlilnl hy .li, Dodokiiul, Itrd oilitlon, iii'liiiK. 
wittic, IrtTU HI. IMk work on thn lhaory of tlio |iotoiitiaI liiiH 
huon oditod hy K (Iriiho, tlml hdiihm, .latipzi;.?, iHH7. 'I’lmm in 
a aliort notti on Honm of hia Invoati^ationH hy (t. ^\^ iJoraliardt 
ill vol, r»7 of (h’olli'’H •loimial, 

0l all tho Nhliool rouinlhil hy' tiinisa no oim liowiivor ran 
coinimi'o for nriKiitHlj(.y ami powor with ,1 lonry Hiiiith. //unrf/ 
John Stvuhni. Smith wall horn in l.oiidon on Nnv. tl, iHu'd 
and diod at Oxford on Koh. II, IHHL*. Iln was odiioatod at 
HoKliy, imd at Hnlliol Collogo, O.xford, of wliioh latlor aoaioly 
Jio wan a lollow; and in IHOI hn wan clootod Havilian proiowoi' 
id gooinolry at Oxlhril, whm'u ho roHldod till Ida doatli. 

Tim mihjt-at in roiiimitMon with whioli Hmitli'H imnm will 
always ho apiadally rhnminlnnvd ia (Im tlioory of nnitihora, and to 
tldHlioilovoliHl Urn yhiii'M from iHh-l to IHIM. !P|io ivsnlls of Ida 
idstormsl roHoarahra worn «!vhmji his ropia-tpuhlishod in partain 
llm Jhitish AHMofiiatlon vnliimoK from iHri'.l to IHOfi, whioli iton- 
taiiiH an aooonnt of nvorylldn^ llml had lamn iloim on tin? auhjoot 
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to Unit tiino tof^fitliov with Romo additional nmttci’. Tho chief 
outcoiiu! of IiIk own original. woi*k on the subject is inoliulocl in 
(Avo iiinmoii'K priiitoil in the Phil. I’lnns. for 1861 and 1867; 
tlio (li'Ht lining on linear indetomiinato wjuations and oonse- 
iinonooH, mnl Uio HRW)nd on the . orders and genera of ternary 
(jiniilratio forms. Pure inathematics is divisible into two gi*eat 
liruiieh(!H, the ilieory of mimhors, or “arithmetic,” i.o, the 
tlii'ory ol' disiiri'Le magnitude, and algebra, i.o, tho theory of 
contiiuums mngnitmle, tho aims and inothods of tho two snb- 
JootH lining (juitn distinct. A clminotcristio of Smith’s work, 
no loss than of (Iuuhh*, is the “avithmotical” mode of treatment 
that I'uns thnmgli the whole of it, no matter wlmt tho subject; 
and his gi'ciih command over tho processes of tlmb science is 
every wlinriMimispicnouH. Tlie “algobmical” method of treat- 
innnt is simllai'ly illustrated hy the works of JSulor in tho last 
century, oi' oC tiayley in more rccont times. 

'I'lic two groat ilivishms iiitowhioli tho theory of numbers 
may Im iliviilnd urn tlm theory of congvuonocs and tho theory 
of IbriiiH. Tin* solutlou of tlio problem of tho repre.sontatiun 
of nnmhnrs liy Idnary quadmtic forms is ono of the great 
acliinvnmcnts of (iauss, and the fundmnontal principles upon 
wlilcli the treatment of mich questions must rest woro given 
by iiiin In tlie Disqulsiticmes avitiunobioai. Gauss thoro added 
niiino I’cHuUs relating to tonmry qundmtio forms, hut tho ox- 
tension from two to tlirco indotoruuuatos was tho work of 
I'lisiiimU'in, who in lus nimnoir None Thcoromo dor hcilicron 
Arillimctik, dnlincd tho ordinal and gonorio oliavaotors of ternary 
quiidniUc fovins of an nnoven dotorminnntj and, in tho case 
of ilelinitc forms, assigned tho weight of any order or genus; 
but lie <li<l not consider forma of an oven determinant, nor 
give any ilciiumstrationH of Ins work, These omissions woro 
Hup|iliiul by Smith in Ins great momoir on tlio subject, wlnoh 
iKintuins a cnnqili'tc oluNHillcation of tornary quadratic forms. 
Suiiili, however, did nob coiiflno himsolf to tho case ol thvoo 
indnlcimiiialCH, but succeeded in establishing the principles on 
wliicli the e.'ctuimiuii bo tho general ease of n indobormniatos 
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depends, and obtained the general forinuloj; thus Gflocting’ tho 
greatest advance made in the subject since the publication of 
Gauss’ work. 

A brief account of Smith’s methods and results niiponred in 
the Proceedings of tho Royal Society (vol. xiii,, 1804, pp. 199 
—203, and vol. xvi., 1868, pp. 197—208), In llio fieooiid of 
these notices, he remarks tluit tho theoroni.s relating to tlio 
representation of numhei’s by four squares and other aitnjjlo 
quadratic forms, are dedueible by a uniform luothoil from 
tlie principles inclioated in the papor, as also aro tho theun'orns 
relating to the represojitation of nunibors by six and eight 
squares. He then proceeds, “As tlio series of tliooroius rt)- 
lilting to the ropi’osentation of numbers by sums of sqiuivos 
ceases, for the reason assigned by KIsenstoin, wlion tlio number 
of squares surpasses eight, it is of some importiiuco to 
complete it. The only coses wlilch Jmvo not boon fully con- 
sidered are thoso of fivo and sovou sqimro.s. TJjo priu<)ij)al 
theorems relating to tho onso of fivo stjimros liavo indood 
been given by Eisonstoin (Crollo’s Journal, vol. xx.w, p. 1108) ; 
but he has considered only thoso numbers ivhicli aro not 
divisible by any squai-e. Wo shall hero complete his onim- 
oiation of those theoroma, and shall odd tho corrospondiu'^ 
theorems for tho case of sovou squares.” 

This paper was tho occaeion of a dramatic iucidnnt in tho 
liistory of mathematics. Tho class of thooroma in qmsation 
(viz, the number of i-eprosontatious of a number as a Hum of 
squnro.s) had been shewn by Eisonstoin to bo limited to oiglit 
squares, The solutions in tho cases of two, four, and aix 
squares may bo obtained by means of oHiptio fimotions, i.o. by 
purely algebraic methods, but the cosos in wliich tlio luniibor 
of squares is uneven involve tho spocial proofissos peoiiliiir to 
the theory of numbera. Eisonstoin hnd givon tlio Holutioii 
in the caso of three squares, and ho also left a Htatemniib 
of the solution ho liad obtained in tho caso of fivo squares. 
His results, however, wore publialiod without domonatmtioiij 
and only apply to numbors having a particular form. T’ho com- 
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ploto RoluLion was indicatod by Smith in tho above-mentioned 
jjiipdi'M. irnnrteon ycai*8 later, in ignomneo of Smith’s work, 
the (loinonstration and coinplotiou of ISisenstoiu’s theorems for 
Iiv(i squiiroH W(ir() HOt by tlio IPrcnch Academy ns tho subject of 
tlidir “(Jraiid Pi'ixd<sH Sciencos Mathfimatiques," Smith wroto 
out tho domoimtmtiou of hw gonond tluiorems so far ns was 
riupurod to prove tluj nsmdts in tho special case of five squares, 
^ind only a month after his death, in March 1883, tho prize 
was awarded to him, auothnr pi*izo being also awarded to 
M. M iiikowHki. No opiR(Mlo could bring out in a more striking 
light the e.xUmb of Smith’s rescarchos than that a question of 
wliieh ho had given tho solution in 18G7 as a corollary from 
gemu'al fornmliu which governed tho wliolo class of investign- 
titiiiR b) which it bolongisl should liavo boon regarded by the 
Ifreiioh A<!ademy ns one whoso solution was of such dilTiculty 
and iiiipovtanr.e ns to bo worthy of their groat prize. It is 
perliapn eviui more astonishing that they should have known bo 
little of (sonb'iuporary I'higlish and Gorman I'osenrches on the 
Hulijeel; as to Im uimware iliat tho result of tlio problem they 
were ^iroposing was at tlui timo lying in thoir own library. 

Kinith was also tho author of important papers in which 
Im siieejtedml in ttxtmnliug to complex quadratic forma many 
of dauHs’ investigatimm relating to real quadratic forms. In 
|H()8 Im was awarded the Steiuor prize of tho Borliu Academy 
for a goonmtrical moinoir “Bur quolqmw problfiiuca oubiques 
et lM(jimdrati(iu{»H.” Xu a papor wliich ho contributed to the 
AUl of Llm Aeoademia doi Liucoi for 1877 ho ostablislied a 
very rmiuirkabht analytical relation connecting tho modular 
equat ion of order « and the theory of binary quadratic forms 
Imlniiging to tho positivo dotorminant 7^ la this paper tho 
modular ourvo is rejn’csontcd analytically by ii curve in such a 
manner as to ])roHonfc an actual goomotrical imago of tho 
coiiipleto syslems of tho reduced quadratic forms belonging to 
tho detormiiiant, and a goomotrionl intorprotation is given to 
Llm idons ofdans, eqiiivalejm, mu\ reduced form. 

Ho was led by hia I'osoarohes on tho theory of numbers 
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Tile reseai’cJiea of Cauchy on the c i 

Mclnded in the complete editL Jh ^ 

by tte Fi-enol. Qovci « M being ieened 

Of m„„l,e..a in epeoial forma. Thortf Kaenstern ''“T" 

Kronecker in hU De u.^ L 

numerous paiiera in the BeHin jCup Min, 1845, ami 

rntic forms, Tlioae of Hermito ” terimiy and quad- 

...oat iu>ro..anVif:rrri,:s^ 

appendix to his edifinn r • "«"e«nia are given in nn 
on ideal primes. Tliose of SeW^l!' ff writings and are 
primes between given limits. ^ iiumber of 

Siffker alffeh'o,, 

arithmetic; and^wldironrsT^^ cailotl the thcoiy of higher 

■I-., 
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rri' iil wliUMM SvlvfhliM', Hjiliimn, Suriot, 

.liinliHi, M'lli, lU'n-'iflii, Ai'omIihIiI, lN)iiu'ju(', l mhiIiiii, 

I oixl Mxi'iiiiktiMii. I ikM It l«'W iiitlrii nil tlin uiitiiif'H 
III’ I II'ihIi-. mill »l»' MiMifJiii. 

Sit' )r»V/i.im A'"»>in HwilllUoil wini liitin of Hriili-h 
in hiililiii "U Ani?. I, mill on St'|i|. i!, iSllfi, 

lliii nliimliou, tvifi nii lit liitiiii', iii’i'lini In linvit 

1 iiiii};it]iii lv >tvt' ; tuii|>'r flic iiilluntifn tif nit niinln wlm 

llt'vi lo nliutii'K; 

liy llin limn Im «‘Ih In- icail Ufri'k, l-’icimh, 

iiiiil Mniimiu ^villl timl tvlii'ii iliiiti-nit Im wun tilth* Ui 

IIkiI h>' litiMiIlnl' willi )i*i iMitiiy lri|ii<tiii;'i--i im Im Itiiil 

\* lilt*. 1 1 '<'* ikl"*t|i (lii’i ItiiM* ilirti li<> t'ftim* iii’i’*i!iii II ntjty 

111 ' N«’'vi->n'(j I hiiv I’puil A i iilinmii*'. 'I'lii'* vvii!i lii^i iiifiutlimi iitii 
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iiiiiilvH* III ll<’ l)"'u n'ii>! tim I'rlii- 
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functions); on fluctuating functions; on tlie lioclogrnpli; ami 
on the mlmeric^ll solution of differeutial equations, have loft tho 
deepest mark on the subjects they respectively deal witli. 
Lastly his Elements of quaternions were issued in 18C6. Of 
this a competent autliority says tlmt tho niotliocla of analysis 
hero given are ns g:i’eat an advance over thoso of analytical 


geometry, as the latter were over thoso of Euclidean gornnotry, 
Hamilton was painfully fastidious on wJiat ho publisliod, 
and he has left an immense collection of mnnuscri 2 )fc boolce 
wliich are in the libi-aiy of Trinity College, Dublin, and may 
it is hoped be some clay printed. For further dotaila Iris lifo 
by E. p. Graves, Dublin, 1882, may be consulted, 

Goorge. Boole, boi*n at Lincoln on Nov. 2, 1815 and died at 
Cork on Deo. 8, 1864, wa s a self-ed u cat ed nuc^inost origigal 
’ cJtief works are one on dilforontial cqim- 

tions in 2 vols. 1859—65, and another on linito cli/IoroncoH 
published iu 1860. The theory of covariauts lias grown out of 
his papers on linear transformations; and ho developed a Hyatoiii 
of uon-commutative algebi-a. 

Angmlxis de Morgan, born in Madum (Madras) in Juno. 
1806 and died iu Loudon on March 18, 1871, was ocliioatnd at 
ii’inity College, Cambridge, but iu tho then state of tho law wtm 
(as a Unitarian) unable to stand for a fellowship, In 1828 ho 
became professor at the newly-establishcd lu.ivorsity of London, 
whicli 18 the same institution as that which now forms Uni- 
versity College. Here (except for five yoara from 1831 to 1835) 
he taught continuously till 1867, and througli hia worlcs 
and pupils exercised a wadoiuflnonco ou English matliomatioimis 
the present day. The London Mathoinntical Society wmi 
largely Ins creation, and he took a promiuont part in tliu 
pioceedings of the Royal Astronomical Society. 

m the philosophy and 
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in particulav cligcussed the theory of associated covarinnta in 
binary quantica, the theory of tertiary qiiaiiticSj and tho 
quintic ; and ayIio has applied elliptic fimctiona to tho aolutioji 
of the quintic equation. Betti and Brioschi, who also linvo 
discussed binary quantica in detail. Aronhold, who developed 
sj'Dibolic methods especially in connection with ternary 
qualities j this was dona concurrently but independently of 
Cayley’s work on the same subject. Poincar^, iyIioso moat 
characteristic investigations are comieotcd with tho theory of 
functions, with special applications to diflbroutinl eciuationa. 
Gordan, who has diseu-ssed tlio theory of forms, and shown tliab 
there are only a finite number of concomitants of qualities: 
an edition of his work on invariants (detenniuants and binary 
foi’m.s) editedbylCorsclienstoinor was issued at Ijoipzig in 3 vols. 
in 1887. Olebsch, wlio also has iiidcpendontly investigated tlio 
theory of forma in some papers which will bo found in his 
collected works recently edited by Lindeinnnn. And lastly 
Macmahon, who has written on tho connection of synimutrio 
Ibnotions, the derivation of invariants and coviiriauts from ole- 
mentary algebra, and the concomitaute of binary forma. No 
account of contemporary writings on this subjoot would bo coin- 
pleto without a reference to the admirable toxt*booka produced 
by Salmon in his Higher algebra, and by Serret in Ida Oours 
d’^fUgSbre supfirioure, in which tho ohiof diacovorios of tlioir 
respective authors are ombodied. An admirnblo historical 
summary of the theory of tho complex variable is given in 
Hankers Yorlesungen flbor die comploxou Zahlen, Leipzig, 1807. 

Modem geometry. 

Modern geometry lias beon considerably dovolopod in Lids 
period. The chief works, after those of Mongo in 1800, Oaniot 
in 1803, and Poiicolet in 1822, aro the Baryconbrisohor Caloul 
published in 1826 by Auijml Ferdinand Mfibius, who was 
one of the best known of Gauss* pupils, and who also 
continued Gauss’ resoarcho.s on astronomy and inoohaiilcs : 
Steiner’s Abhaiigigkeit geomotrisohor Gostaltoii, 1833, widoli 
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<;()ii(:iiinH L!u< fimb full (liBCUSsion of tho projective relations 
lKi(-\V(ion I'OWH, pencilH, Ac.: Von Staudt's Goometvio der Lnge, 
1817, and lliiitrilgtj zur {ircoinotrLo dci* Lago, 185G — 60, in which 
a of g<H)inc!fcry in built up fi-om tho hogiiming without 

any n'lbiHaitto l,«j nunibor ho that ultiumtoly a number itself 
gdlu a goonintvical «hi(iuitiou: Oromona’s Introduziono nd 
luia Inoria gt'OJnutrica dolln curve piano, 1862, and its oon- 
tinnalbin I’l'oliiitiiiari ill uiia (xtoria gaoiiiotrica dollo suporiicie: 
and Iniilily Sir Unbort Ball’B Theory of Screws, London, 1876. 
'I'hn Unit and last of tiioso worIcK tbougl) nominally on mechanics 
onnlniu ninny tliooronm of groat gcoinotricnl interest, As 
nmni ohmmntnry boolcH, I may immtion OhasloB’ Traitfi do 
gtuiimlti'in mijidrinuro, 1852; Stolnor’B Vorlosmigon iiber syu- 
tliol.limho ( l(«un(*brio, edited by (tower mid Bchrbdor, 1867 ; 
Oromona’H Mlf'iucmtH do gfmmotrie jirojootivo, translated into 
I'Voni'li liy M, Dewulf, 1875; and Royo’H Dio Goomotrio dor 
I sign, 1HS2, In addition to tlniHe the true foundation of 
giioiiieiay liaa been eoUHidered by Qrassmann in his Aus- 
dnlimiiigiilehre, IH-I I-; and in later timoH by Riemann (soo p. 
'1 lb), and by Ilolmholte. I add a few notes on tho works of 
(Jliiisloii and GlilVord. 

Mklu'l OlmHlOH, \vh<» was born at Dpernon on Nov. 16, 
17i)!l and died at Paris on Dee. 18, 1880, devoted liimaolf to 
tlio til.ndy of modern geometry. His chief works wore tho 
Apoi^u liiatoriiiue, 18117, whieJi is continuod in tho Kapport sur 
bra pi’ogi'oa do lu gdomfitrie, 1870; Ins Higher geometry, 1852; 
ami his ( lonio HoetionH, 1805. Tho firab of tlioso constitutes his 
lii'iil, -known claim to diMtiimtion. It is an interesting summary 
(.f the hiiilory of geoiitebry, thongli tim subjeot in modoni times 
in trealiul from an oxeliwively Pi-euch point of view, and nearly 
all tlio Geritam workH on it aa-o neglected or doproointed. The 
liintory nf llie PuHoal forgerioH illustratos tho same dcsivo to 
trace all (linooverioH to Frencli Houmis. 

Tlie early th-atli of CJlKlbra prevented his taking that 
ptmUien wliieh llm originality of his works soomed to promise. 
'Hm varii-d olmraotor of Iiib writings makes it diilicult to 
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Analysis. 

Among those -\vlio have exteucled the range of analysis, or 
whom it is difficult to place in any of the preceding categories 
are the following, whom I place in alphabetical ordor. Appall, 
who has written on the tlieory of functions and diffiorontiiil 
equations. Beltrami, who has made a special study of the thtjory 
of liyperbolic space. Bertrand, whoso work on theoretical dy- 
namics no le.ss than his text-book on the calculus is of a high 
order of excellence. Oauchy, who wrote on most of the suhjoots 
of pure mathematics (and especially of analysis) which wore de- 
bated in the first half of this centnry. Orofton, who has written 
on local probability. Darbonx, who has writton largely on tlm 
subject of differential equations. Dedekind, who is tho author 
of a roinarkablo nienioii' on tho vibiutious of iv liquid ollipsoid, 
which is treated as a problem in pure mathomatios. Prohonius, 
most of wlioso papers are either on differential equations or 
elliptio analysis, Fuchs, who 1ms greatly dovolopod tho thooiy 
of differential equations and espeoially of linear oquations. 
Halphen, who has also made a special study of difforontia! 
equations and also of differential invariants (rooiprooan ts). 
Jacobi, to whose work on determinants and differential equa- 
tions allusion has already been made. Jordan, wlio lias applhicl 
the theory of algebraic substitutaons to difl'erential equations, 
Kdnigsberger, most of whoso papers deal with different peiut.s 
in the theory of differential equations. Lie, wlio has investi- 
gated the tlieory of partial difforontial equations of the fir.st 
order. Mlttag-Leffler, wlio lias groatly developed tlio theory of 
functions. Poincard, most of whoso memoirs deal eithor witli 
the subject of differential equations or with tho theory of fuiie- 
tious. Sylvester, who among other siibjoots has wviliten on 
recipvoeants. ‘Weiorstrass, who has oi’oatod the inudern theory 
of functions, and in particular hns discussed in groat detail the 
theory of analytical functions, elliptic functions, hypevnlliptuj 
functions, and I believe also tho oaloulus of vtu’iatu)iis. 

I add a few notes on tho work of Cauchy. Auymtin Loidn 
Oauchy, who was born at Paris on Aug. 21, 17H0 and died at 
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S.r'iuix on Miiy Ufi, 1857, aVus educated at the Polytechnic 
Holiool, which wiiH tho inirHory of ho many French mathemati- 
cians ol tlnvt liimo, inul adopted tho cai*ecv of the pouts et chaus- 
s()(!s. 1 1 is ('ivrlicst luuthomatical ]mpor was oiio on polyhodm iu 

I HI L :i iCKOiuli Ji thought HO liighly of it, that ho asked Cniicliy 
(o attempt the solution of an analogous problem which had 
liallh'il previous investigjitors; and Iuh advico wa-sjustifiod by the 
HiuiecHs of (Jauchy in 1812. Memoirs on analysis and the theory 
III' ninnliei'H presented in 1813, 1814, and 1815 showed that 
Ills alnlity was net coniined to g(5ometry alone: in one of these 
piqierti lie generalized Home results which laid been established 
liy ( lauHH anil IjegendiHi; in anotlior of them ho gave a theorem 
on the numlier of values which an algeln-aical function can 
aHmiiiie wlieii the litoral eoimtants it oontiiius arc interolmnged, 

I I wa,M the latter tlie(»rom that oiiahlcd Abel to shew that an 
algeliraie eipiation of !i dogi'oe higher than the fourth cannot 
ill general lie Holvod liy tlio uso of algohnucal expressions. 

On tlio restoration in 1810 tho French Academy was 
Iiiivgud, and in N[iitc of tho indignation and scovji of Pronoh 
seioiitille soeiety, Oauchy nooepted a seat which was procured 
I'nr him liy the e.\|Uils{on of Mongo. Ho was also at tho same 
time made iirnfeHsor at tho Poly technic; and his lectures there 
I'ovm the sulijeot of Ids text-books on Algolmuo analysis, tlio 
Dilliiveiitial calciiluH, and tlio Theory of curves. On the rovo- 
liitiiiu in 1830 he went into exile, and was first apjiointed 
profcHHor at '.I'urin, wlioiice he soon moved to Prague to 
undertake tlie education of tho Oomto do Clmnibord. Ho 
returned to France in 1837; and in 1848 and again in 1861 
liy Hpecial dispeiiHation ef tlie einporor was allowed to occupy 
a ehair of matliematicH without taking tho oath of allegiance. 

Jlin activity was }midigious, and from 1830 to 1869 ho 
puliliHlied iu the transaotions of tho Academy or tho Comptos 
llimilus over (lOO original momoii*H and about 160 reports. 
In mest of them the feverish Imste with which they were 
tlirowii oil' in too vinildo; and many are nuirrcd by obscurity, 
ri'petitieii of old results, and blunders. 
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Among Uio iimro {miiorUitt of liin n*s(‘io'i)li(‘n nri' llui ildtoniii- 
mitionof tlio luuiiiMTof nuJiiml iiiiagiiuii-)' vooLn (iriiiiy iilgtiliraiis 
equation j liis inoLhod of cutloiilathig iJjjtnn viiots ajuiroxiiimli^ly ; 
lii.s (ilmoiy of tho HyiiiuioU’io riiimUoiiH of (.Iki lUKtllhomilH of 
oquatioiiH of any tiogi'oo; Iiih il jn'ltu'i vtilimlion (»1‘ u. {jimiitily 
loHH tluiii tlio l(mKt tlilloroTUio liotwaoii (Im nmls of im <'i|uiikimi ; 

and Ilia paixa-a on doloi-iiiinanfH in IHII wliicdi Iirotiglili liiDiii 
into gonoval uho. (•’anchy uIko did a groat to roiluon tlio 
art of dotiirmining dollnito iiitogmla to a Hoioimo, Imt tliia 
branoh of tho inlognil oaloiilna aUli nmuiiiiM adtlioiK: mnrh 
Kyatnin or niothod, Tlio niollioil for Ilinliiig tim prinoijml 
valuoK of intogralH and tlio ouIouIuh of roaidmni wm’o iuvoiitod 
by liim. Hia ]m»of of Tuylor’H tlmoroin xiioiiik Io bavo 
originatod from a dimmmiioii of tlio doublo [lorioilioity of 
olli^itio fuiuibioiiH. Tlio niolliod of aliinviiig a ooniii'otioii 
bobwDon didbront braiioboH »*l' a aidijoid; by giving iiiiagiiuirv 
valuuH to iiidoiH'iidmil, varlabloH la laigoly dun to Iniii, llo 
ivIho gavo a dIroot analyl-ioal niolliod for di'toniihdiig |»laiiiitiiry 
iiu!({iialitl(m of long iioriod ; uiu) to jdiyaii'H bn ooiitribntod iiii 
((j jivioH motlioi! for llndiiig Uio ijimnliLy of ligbl. ndlootod 
from tluj Hiii’l'uiioH of laotala iia woll an otlmr inijM-rH on optioM, 
lAir furthor dotaila hoo \ak vIo ot Ion travaiix: do danoliy 
by ValKon, 1'nrH IHIW. A ooniplolo odition of bia worka 
iH now lioiiig iHHnod by tho I'Voindi govianmoiit, 

^Uslromuntf, 

Among tbiwo wlui in tliia wntiiry bavo dovotod tlmmaolvoa 
to tlm Htudy of tho ooniparalivoly liitiilml aubjoat of tboorotiiud 
nalinmomy Lbo immo of CfailHW ia ono of Uio moat prominoiifc; 
to Ilia work I bavo alroady alludod. 'I’bo boat iiiiown of Ida 
oontomiiorurioH waa t'nmhu'ich Wilhrlut BoHHOl, m-Iio waa born at 
Mindon on if uly dU, ITH-l and diod at Klinigaliorg on iMuroIi 17, 
1840. ItoHHol (loiniitoinaid Ida lilti tia a oloric on board Hbi]t, but 
in 1800 lio bcciuiio nu aHaiaUiit in tho obaurvutory at Liliontlial, 
and waa tlumoo in 1810 proinotoi) to bo dirootoi' of tlio now 
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I'l'UHHian olworvatory at Konigsborg wlioro ho continued to 
liv<i duving tUo i'(!inaindor of Mb life. Ho introduced Bessel’s 
fuuotioiiH into imro uiatboinabicB. His collected works and 
eorroHpoiidoiioo lmvc> boon oditod by Engohniinn and published 
in 4 vohniM'H at Leipzig, 1870 — 82. Other well-known 
Hslii’outiinerH of a ullghtly labor date aro Plana, whoso woi*k 
on l:1ni motion oil the muon was publishod in 1832; Oount 
Pontdcoulant : Dolannay, whoHo work on tho lunar theory 
and (incomplotd) lunar tublos aro among tho groat nstro- 
nomii'.iil ii(ihlov(inmnt» of bluH coubury; tho foi-mor indicates 
tlm liiiHb motliod y«t HUggesstod for the analytical investiga- 
tion itf tlio whole problem: and Hansen, who compiled the 
lunar tahloH jjuhlwhed in rjondon in 1807, and elaborntecl 
lln» iiioHt dnli<!ate methodH yob known for blio dotormination 
of lunar and pltunibary porburbabioim ; for an account of 
liin nnmevouH inomoirH tho obituary notico in tho transactions 
of the iloyal Hoeiety of London for ISTC — 77 may bo com 
Hnltiul. 

Among tl»e aHtr<momical ovontHof this contury tho discovery 
ol! tho planet Keptimo by Lovorrior and Adams is one of the 
mont strilclng. tli'buhh Jmiu •fosoph Levorrior, born at St L6 on 
Mareh ll, IHl'l and tlied atl‘nris on Sopb. 23, 1877, is amoaiget 
tlie gi'i'atest of modorii uHtitnmmors. His earliest resoarolies 
in astrenoiiiy wnw) coimnunioatod to tho Academy in 1839 : 
in thew) he calculated within much narrowor limits than 
Jjaphuio Imd dene the extonb within which tho iuclinatious 
imd ecwintrioitioH of tho planotnry orbits vary. Tho inde- 
peudont diseevory in 184-6 by Iiovorrior and Adams of the 
planet Noi)ttnie by ineana of tho diBburbanoo it produced on 
the orbit of IJranuH will always bo one of tlio most striking 
oveiitH ill phyHical ftHtronomy. Ti» 1865 Lovorrior succeeded 
Ariigo as dircotor of tho Paris obsorvatory, and reorganized 
it in a<!iiordanc <3 with the roquiroinouts of modern astronomy. 
,1 In now HOt luinsolf tho taHlc of discuBaiug all tho theovotical 
investigatiouH of the planobary motions and of revising all 
labloH which involved thorn. Ho just lived long enough to 
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Oroon, MM, HolmUolte, wl,„ i„ i„ tl,„ fr„„t of all 
■l.'l>m'L!mmlH<)l inul.lummtiml phymcB. Iiamo^soop, 442, Clerk 
MaxwoU MacOuUag], ^UoJto „„ „hy»S 

,M, 1. Woinimmi, l„m writhm ota&ity n, 

1 oJnoaw, wliM liiiH ili)Hitwmicl tho form ussumwt by a of fluid 
MiMlor iln ..wi ii,U.v«c.li(m. tokiiio, whoso discovories in 
llo‘nim.l)niunioH mnl hydwiiHHsImiiuw wj|l bo found in the 
• Mllni-lt'd odil.ifui nt'liiji wwkn iHHuodin Loudon in 18R1. Lord 
llaylolKli, will! Iiuh wi-iLltui Mio Hfoiulurd work oiisoiiiul, publisliod 

(Imiil.ri.lHo in 1H77. Saint-Voiiant. whoso rcsoarclies on 
loiHinn ,un woll ](nnwn. fltokofl, most of whoso i)a]JOvs avo on 
liv.li'Mni..oliaiu<'uoi'npt.h«H or ntiiod subjoeta; tho«« memoirs have 
boon rcMuitly .'olloolod mid luibliuhod l.y th« univoimty of Cam- 
l'i'id/{i'. 8h' Wlllliim I'lioinHon, b) whom tho coniplimont of 
inildiHliiiiK hin nillciilnd pupors Iiiih nlsobooii roconkly ofl’orod by 
llin nniviM'slly nf ( laiubriclj^o, hmi onrinhod ovory dopnrtmont of 
|i|i,VHh'H by )iis j'l'Hcui’olu’H ; Imk povlmps Ids pivpors on olcckrioity 
mid liyihdilyiimnb’H may bu shif'lod out ns Bpcicially cliaractor- 
inl iti nf liiN |{oiiiiiM. ‘WobOT, wlioHooldof work was in connoction 
with idimti'odyiimiiiiiH. Wiodomami, wlm is tho author of an 
adiniiublc toNtlmok on olontrioUy and tlio idlicd subjects, 

1 voIh., |HN2 IHH.'i, I add a low notos on ono or two of tboso 
wi'ilors, iiiil I ro]ii‘ut again that tho Huhjoot of physics lies 
iiuliiido tho liinitN <»f (hiH l«iok, and tlio ahovo listiif writors does 
not in any way prnbms to ho oomi»hdo or «.\lia«Bti/o. 

Mu'hui ruviiday was bom at Nowingtou on Sopt. 22, 1791 
and dinl at irainpl.fiii (.‘onrt on Aug. 20, 1807. l'’m’iulay is 
l)n< luoht original and Itriiliiiiit (^xporiiiuiutal pliysicist of tins 
orniiiry ; but tlimigli Im had no hiuiwlodgo of the higher imrbs 
III' iimllii'iiiiiiii'itl iiiialyHiN, lio was ahlo to dcduco many results 
by gi'iii'i’iil roHHnning from fimdaiuontal principles, and no 
nioitorn writor him Klitnvn ait uijuiil ukill in disuiilungling thoso 
priimipli'N IVnm llm NymliidH In whioli thoy ai-o usually ox- 
liii’Hsitil. Ho wan tho Him of a IdiiokmnUh, and was appron- 
I ii-oil to a liuidf-bindiir ; wliilo working at his trade lio educated 
liinmolf; his iihilitiim liaving attraotod tho atCoution of Davy, 
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Int WHH iniuln (tn iiaHiHlaiit ut iho llnynl hut(i(uliiun in l.mulun, 
uiiil ulLiimitdly hncumo i«’<if«wHi»r Hum.*, liiit riirliiiiit ilin,:(iv(,n(.K 
winii on ttliomiHirv. Ilin ..xiiiiHim-nls on i|,o in.luciinn ol' 
f'lnoti'in min-onh. limt.o<t from \H'M |„ IS.'H, immI worn oruwuod 

wiUi .ioin).inrn nm-ooHM. In Ion yoiint In. oslnl.linliod 

till, law nl'ilolhiito olool.nilyl.in tinljon ..f ji ounviil., n\u\ nnn.iijrat 
nilior |.liin;{n dnl.nnninoil Iho npni-ilio iinluoftvn oa|iiioilion of 
vai-ioin. m.l.Hl.niirnH, h, IK-lf, 1,,, onlal.linlio.l dm of 

on |mlniim| llKli(,,mM| aiiuu.voiv.l |.|m i.lmiionmiia of 
iliiumi/^nodiiiiu llm lil'n liii!i limiii wrilli-n l.y Tynilall (lln.l od. 
IMVO), Hoimn .lonon (|H70), mnl Or ( llaili.h.im’ { IM7*.i) ; tlmH,, 
l)iiigni|.liioM nmy l.o nonnnllial for rnrdmr .Inlniln, 

Llim6, liorn nt, Tnmvi on July r/'lfi mitl Jinil af 
I'lU'in in iHro. wmi <>.limul.o.| ul, ||m I'olylool.nin aolmol, mnl im 
InavinK dint wnn «in|i|oyoi| for nonin yriuii in llm oii^ijn'oriiig 
Hni'viom.r dm Itunriiim ^‘ovoniiimnl.. On liiii mlurn to Khunn. in 
iHlil! Im wjin itii[Hihilr.t |M'ori-!i.-<or til liin oM tiolioo), nml took an 
nnllvn |>iirl,iii |n-oinolinf' llm ooiml.niHion ol' rail waya in Krannu. 
.11 in linat, known worloi urn tin varioim limimlma of niiidi(iiimd«iil 
I'liyHioH, TImnionl. jnomiimnl.or Umno uro liin ronnio on i.liyauw, 
iHIKi; ilia tmiliao on o|imlmjl.y, !Hfi2; |>ia work on Inin.donH, 
iH/i7 I an (iamiy on tnirviliimar oaonlinalcH, iH/il) • „inl laady liia 
dmory of Imal, (H|il. )i„ u|,(,i wna,, novtnul nminoii-H on 
didoronl jioinla in llm (Imtiry of uunilini'a, 

./mn /imintul U,m FomiftiiHi, liorn at; Paria on Hopt. IH, 
IMO) ami iliiul Uioin of paralyam on Pol.. II, IHIIH, in anmn^ 
Uu. nioHl oiiiinoiil of inoilorn Kronrli phyaioinlu. No waa dm 
KiMi ol a woli known piiMialmr, luiil waa oilimatoil al. Iioino niiUl 
10 itiilonal dm l‘(iriri lioapititln. Uo hooh ikliamtonoil nmdioimi 
lor pliyaiiu IMn xoionl.ilm papova won. imarly all roniril.nlad 
di dioOoni].l,(iH ItonduM. Ilia nliiof nmnmiiv. an.t.ii Um pimilbv. 
I'tlKy of plml,o«rapliy, IH.|0; on (Im oloolrio lamp, IHII); on 
dm dolorniiiiadon of Urn volnnily of li^jld,, |n IHfil), Iml, ropoatod 
widi im|.rov.ii,mnlM in ISIIU; on Ida ilomomtin.d.m ..f dm 
di'iriial nn.lion of |lm I,y „f do. rotal.ion of dm 

l»lium of umiillathm nf it hiiuplo pimdnhim, iMfil ; on Ida in- 
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vdiiUi'U dl' Uui iryi-ow-oiKs 18fi2j on tho rotation of a copper 
(lino (lio jioloH of n iimKUofc, 1856 j and on liis polarizer, 

lKfi7. l''nr mldilioiial dolailw h«o Lii vio ot los tmvaux cle 
I, (ion 1 ''oui'um 1I, liy LiHauyouH, PaviH, 1876, 

1 iH'"’ I'l two writovH -wlio tixintod tho snbjoct from a 

nini'o Hl rii^lly iiiiitlioiiuvtiiui) point of view, immoly Groon and 
Olorlv .MiixwoH. 

Oi'oon, liiirn iH^ar Noltiiighnm in 1793 and died at 
(!iuuliridgo in |8H, wim ono of tiio most remarkable geninsos 
(if lliiii lumLury, tlioiigii ho puldiahod Imt little. Although self- 
mi iinUn I lio ooiili’ivtid to obtain eopioH of tho ohiof matliomatical 
wiirloi of hill tiiiin. A pajMir of liis written in 1827 was published 
liy intliimi’ipliun in tho following year: the term potential was 
horn lira!' inli'oduoed, its Itiading properties proved, and the 
I’muiliii a]i|ilii'd to umgaotiHiii and oleulriuUy. In 1832 and 
papem on tho ecpiilihriuni of iluids and on attrnotionfi 
IioIIj in ii|mi!ii of n ilimoiiKloiiH W(»ro presontod to tho Oainbridge 
.I'liiloiiojihicnl Hoeioly, and in tho latter year ono on tho motion 
of a tliiiil iigiliilied by the vilinitioiiH of a solid ellipsoid was 
j'i'iul lioforo llie Iloyal Soolety of JSdinbnrgli. In 1833 be 
onUn'od ulr (JaiiiH (Jollego, (/'ainbrhigo : ho took Ins degree in 
18:17, and in 1H31I got a foll(»WHblp. Directly after taking his 
(legi'oo lie threw hiiimelf into original work, and produced in 
IMH7 Inti ptiper on the motion (»f wavos in a canal, and on the 
I'i'lloxion iiiid rel'raetiou of houiuI and light. In tho latter the 
gmnuoti'inil lawn of wnind and light are deduced by tho prin- 
I'iplo of oiiergy from Um iindulatory theory, tiio phenomenon of 
total li'llexion in explahmd jdiyHically, and certain properties 
of the vibriitiiig medium are d<!duoe<.l. In 1839, ho read a 
paper on tlio ja-opagation of light in any oryatalline medium. 
All tim papers luHt-immed aro printed in tho Oamb. Phil. Trans, 
for iWIlil. A (lolUn)led edition of his works was published nt 
(.'ambriilge in 1871. 

.lauii'H (H'‘>rk Maxwell, Imni at Edinburgli on Juno 13, 1831 
and ilied at (JambrUlgo on Nov. 5, 1879, was educated at 
1‘kliiibnrgli and Trinity Oollogo, Oambridgo, of which latter 



lU'KJKNT TIMMS. 


■m 


HOdiitt.y hit wiiH It fi'llow. Ihi wiui mii^rdswiv'dly prolVuHor ni; 
Al.onldi'n ihm lH5(i tn ISIly, „nil nl. Kui^'h London, 

ll•|||ll I8(i() to iHdH ; in 1H7 1 Im wus ojijHiintod In llm OiivondiHli 
oliair of [iliy»iio.o ii\. OaMihrid^o, Ilia iiiiiiioroiio imonoiiH pmvo 
iiim to liiivo Uooii u jthpinitit, o|' jJio liini, lanlc. 

Ilio oai'lid.al, |in|ioi“ wim writU-u wlo'ii only i'ouitoon on a 
iiuatlmiii<!al looi.hod ol l.riU!iiiK oarlivdun ovuIm, ami wan a(ai(j 
to Mio Itoyal Hooinly of Kilinlair^Ii. Ilia noxt piiiior wi-itton 
tlii-oo yoiU'H latio- wiim on l.lio tln'ory ol’ inllini; oiirvon, niiil wan 
iiiiiiiodialoly lollowial liy iiiintlior on (ho i iinililo iiiin til' idiinlio 
aolida. At (!ainhHi|^(o in IHiil Iki road |ia]ii'i.'i on iJo' tnuiHUii’- 

niation ol' niirruot-a hy I. nml on Kanidiiy'a liima of (ori.o. 

Tlioan worn rollowod in iHhll hy ilm l•.•.!lay on (ho filahility tif 
Saturn a riiiHa, iiinl variona ll|•l-i<•h•fl on l•ol^alI^ hut lirilliant 
tlioiiHih thi'.'H' mcnioira aro (hoy art? tM!)i|)iiod hy j|ia svuvU on 
olootrioily ami (.ho liini'lii? (hfory or^aura, 

Ilia Klootrloity ami iMii^^nol-iani, in whioh Iho roNultH oi! 
varioiiH i.a|a-ra tint oinhotli.-th wan iaaunl in 1H7H, iiml Itaa 
I'ovoliiUoiiiztul (.ho (ival.inont t.l’ (ho anhJooL Vu\mm ami 
(lamia had almwit how olfolroalalioa iiii^ht Ito tiviitod an tlm 
‘dloola ol' altraolitma ami ro|>uhmiim la'twooji ini|ioii(loralila 
imrtioh^a; wliilo Sir William Tlomtaon in IHIC liiid aliowu 
that Urn ofloota luiKhl almi ami with nion? prohahilily ho 
«ii|'ia>m'd unalo«oun to a How t.f hont iVoin varitam aoiirccH 
of oh'olririly iiroiNtrly tlialrilm(otl. h, olmdro dyiminioa Um 
only hyiailhoam iJmii tnirrmit wan (ho oxn'fdjnKly’ooniidii'atod 

I'J^iaMt-d hy Wohor ill wlilolv (la? atfraotion hotwaan 

oiiTUio jiaitjohra ilopomhal cm thoir i.dalivo niotion and 
Iioailion. Miixwoll roiri<i.oi| alt (Vao iiyiiottmuoa amt pro|ioHod 
to it^ard all oh'itlrit? ami iinij^iiolio phonoinona. an atrcaaca and 
imitiona of a imtioiial imuliiim : and fhoao, liy (Jm aid of 
Komoaliz.ril i-oordinalo:!, ho wa-i ahio |.ti t>x|avaa in iimthoinatiaii! 
liuiHUMf;.'. I lo itonolmhul hy allowing (hat if tho motliinn worn 
tlm aaino iin tlm HiM-allial luminifonma othor, Iho v.-looity t.f 
liuhli would ho t'tpml l.ii Hu* ratio of (ho olcalnt inaj^nolJo ami 
"huilriwtalh.i uiiila, 'rhln appoara to Iin Iho oaao (,hou^.(h thoHO 
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uiiil.H liuvti mit y(3(i Ijoon dotorminocl with suflioionfc precision fco 
oniililn im Lo H])(nik doliuitoly on tho anbjcofc, 

ilanlly less (ivontful, tlnmgli loss coiiiploto, was his work 
oil Uio kin(il,i<i Mioory o£ gasos. Tlio theory had hcon cs- 
UililiHlioil liy th(i hiliimm of Joule in l!lnghincl and Clausius 
in (loninmyj liul. Maxwell luduced it to a branch of mathe- 
iiial-ien. Me was engaged on this subjoot at tho time of liis 
di'alh and liiii two last papers were on it. It has been the 
iiulijeet of Home recent luipers by llelt/iiuvnn, 

AniongHli the other eonkrilmtions of Maxwoll to scionco 
are Tlio ehidtrieal l•^w}an!lleH of Oavoiidisli iasuod in 1879 (ace 
p, d'J!)), hhi Theory oflieat published in 1871, and his olomoutary 
text-booh on MatUw ami Motion: to wliioh I may add tho 
four artiehm entithid Atom, (Japlllary attmotiou, Constitution 
of bodii'H, ami Dilbmion which he wmtrilmtiKl to tho ninth 
nilition of the hhuiyelopiedia llritannica. I^ov further details 
his lilb by Campbell may bo cousidted. His collected ^^^ork8 
aro being edited by I’rof. 'Nivon and will shortly bo published 
liy Urn univi'rsity of Cambridge. 
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Aliiiiiiiiit <tf, IKM). 

. rof. lo, (1. lyil. nw. HW. 1(H). 

inri. 

Mii>l..||(l 7. 

. n-i'. (,ti, miR. iHir., -iKi. -m. m. 

•iHH. i;ir), -1117. 

A,lii'lur(l, mo. 

Alinlliiu riliKiUniui, olia|ii. MX, miol.l. 
AliiiiTuiion ; uiiU'iUKiiiuonI, UOO. 
Ahul-Wurn, Ififi. 

Ai!iiiliiiii.y5 Mui 8fi(). 

' " I.Iio lliii'lhi, II'IO. 

Adiilliui’ii III’ Ilhi'hiiH, 127. 

AdiiiiiH, 112. 

■ I'lif. til, 2H(). H(l(l. HOK. -intt. -UO. 

Aildllimp, iff, 171. 

. i.vmliDld fin', i). m. «H. MH. IT-l. 

I HA. IHII. IWI. 121. 11(2. 20». 212. 

2111. 

Ailiillmnl of Until, lAH. 

AhiiiiiH, <i "10. vof. lo, H-1. DA. 
AlliiilOKtil, lA'l. 

AHkVI oil (hillloo, 222. 

Allm/jftiil, lAA. 

Aloiiiii) 12'1-A. 

Aloinliiii t iV. Hull iVAlombort. 
Aluxiimlm' Uio Hioat, IH. -HI. ‘17. 
Aldxiuuliiu} Llm univovBity of, 'Ifi. 

17. HA. HH. IDA. 101). 

Aloxanilviiui liliviuy; th«, 'J7. 101). 

- • huIiooIh; till!, olmploi-H iv. v. 

■ h,yiii1io1h fur miiiibui'H, 120. 
Alffti'nliiiiH, lAil. 

AllViid tliii (lioat, 107. 

Alnolira. Ti'ualuil Kiioniotrioriny by 
1')iiollil null luM Holtoi)!, AH. Ofi. 
Dovitloi'im'nt of rliotorieal ftml 
nvticoimlfil alKobm in tho fourth 
oi'Ulnvy aflov OhviHt, Ifi-lOO. 1)1b- 


ouHMul rliotorioally by noaily all 
Iho Hindoo amt Arab inafcboinn- 
lioiniiH, oliaploi’s ix. x. Intro- 
(luotion of Byncopalcil algobia by 
llhnHkntn, 115; llogiomontanus, 
IH-I; anil I’aoioli, 181); ami of 
HymboUo algobra by Viota, 20‘i; 
Koo olmptiir xn. Dovolopecl by 
(amoiigHt utlioi'H) Doflcai'tiiA, 2dd ; 
WalliH, 250; Newton, 881 ; and 
Kulor, 1)67. 880. llccont oxtun- 
Hioim of, obaptov xix, Rcotion H, 
Algebra: doOnilionH of, 180. 

— division into lOiolorioal, synoo- 
IMilcd, and synibolio, 96, 00. 

— origin of tovni, 161. 

— liiHloricB of, ix. x. 250. 
AlKobmioal ciiiialionB. Soo simple 

ci|uationa, ipiadratio ociuationB, 
Ao. 

— pi’oblonis; oarliost collootion of, 


»d. 

— Hymbols; origin of, 212-6. 

— • Iheoram; the oarliost Icnown, 88. 
Algorism, 168. 160. 180. 170. 186. 
AUiuxon, 166. 160. 

AlhoHsuin, 16'J. 

Alkndsmi, 160-8. 

— rof. to, 168. 160. 100. 100. 200. 
Alkarki, 164, 

Alkhodjandl, 168. 

AMdiwiirixiini, Soo Alkariami, 
Allman on Greok gooniotry, ix. 22, 
26. 27. 28. 82. 86. 40. 48. 44. 
AlmftRost; llio, 00-1. 

~ rof. to, 74. 79. 103. 166. 168. 
169. 106. 180. 

A1 Mainnn, the oalipli, 140. 161. 

A1 Mansiu’, the oalipli, 141. 
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Alnhonso’s tftbleSf 161. 
AlCschid, the caliph, 140. , 

A,innsis of EgJP*' 

_ aeometncal,40. 

Aimlyticalgconietiy. SeeGeometry. 
t kSiKOi-as of Glazomenio, 31-2. 

10. 17 18 
Anchor rmgj the, 42. 7B. 

Aiiilci'son, 207. • i i- 

Antfle; origin of scxageaimal di- 
vision of, 6. 216. 

— ti'iseotion of, 32. 34. 209. 3S0. 
Angular coetHoient, 270. 

Antioch 5 Greek sohool at, 140. 
Antipho, 33. 

lFfif.“S^83.'l69. 104. 141. 163. 
103 202. 20G. 209.242.200. 208. 
aoo. SOS. 360. 

and Ai'chiniedea; contrast bo. 

twoeu gooniotry of, 76. 

ApiJoll, -112. ref. to. 430. 

Ap«o of Itmar orbit; motion of, 
816. 810. 862. 

Arab works introcluced mloEuropo, 
chap. 

Arabic nuuiemls; origin of, 147. 
Arabs; mathonaatie8ofthe,ohap.ix. 
Arago, 406—7. 

— vcf. to, ix. 88. 871.405.421. 439. 
Aratu.'s, 43. 79. 

Arbogasto, 372. 

Arohimcdea ; life and works of (soo 
table of ooiiteutfl), 69-70. 

— inventions of, 59. 60. 

— geoinotrical priuoiplos asBuniod 

by, G9. 

— ref. to, 67. 72. 74. 78. 88. 94. 
10-4. 141. 163. 166. 167. 103. 202. 
216. 228. 260. 288. 846. 

— and Apollonius; contrast bo- 
tween geometry of, 76. 

Aichjtas, 27-9. 

— rof. to, 20, 34. 39, 41. 

Arens; c<iunble, dcsoription of, 226. 

295. 298. 318. 

Argyrus, 112. 

AristmuB, 34. 44. 52, 71. 860. 
Aristarchirs, 57-8, ref. to, 202. 
Aristotle, 45. 


Aristotle, rof. to, 13. 20. 107. 140. 

202. 

Aristoxonus, 21. 

Arithinetio, Pre-hellenie, 8-6. I’y* 
thagoreaii, 25-7. Practical Greek, 
63, 120. 121. Theory of, treated 
geometrically by mostoftJio Greek 
mathematicians to the end of tbo 
first Alexandrian soliool, 62-6 ; 
and treated empirically (Boethiaii 
aiithmctlc) by most of the Greek 
and European mathematioiniis 
of the first fourteen ceutiirioa 
after Christ, 88. 121. 108. Algo- 
ristic arithmetic invented by tho 
HiudooB and Arabs, 143 . 146, 163 ; 
and used since tlie fourteenth 
century in Europe, 101. 169. 170. 
Dovolopinent of European arith- 
inetio, chapter xi, 

— histories of, ix. x. 114. 108. 

Arithmetical problems, 60. CO. 

— progressions, 64. 78. 140. 

— triangle of Pascal, 207. 262. 

'hfnOniiTtK-ff, signification of, 60. 

Amcti), ix. 

Arouhold, 412. 432. 

Arya-Bhalta, 142-8. 

— ref. to, 144. 149. 166. 

Arzachol, 168. 

Assumption; rule of false, 95, 140. 
162. 186. 187, 

Assurance, life, 276. 

Aalrouomy. Descriptive nsti’cnoiny 
outside range of work, vi, Early 
Greek theories of, 16. 22. 28. 81. 
43. 60. 67. 69. 74. Boiontiilp 
astronomy founded by I-Iippnr- 
oluis, 79; and dovolopecT by 
Ptolemy in tiro Almagest, 00. 
Studied by Hindoos and Arabs, 
164. 168. Modern theory of, 
oroatod by Copernioua, 190; 
Galileo, 220; and Kepler, 228. 
Pliysioal astronomy orentod by 
Newton, chapter xvi. Develop- 
ment of, by (amongst othors) 
Glftiraut, 362; Lagrange, 876. 
878; Laplace, 386-7; and in 
recent times by Gauss and otkors, 
ohaptor xix. 

— histories of, ix. x. 
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AHltil,\i''i’i. All. 

Avi'i v'n iili'niii I'liiliii'’. fiil. 


iiiiiilmi:", «<'> i<if. lo. 
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iiiu'iii’i, nil'. 7. ii'i, UK Ml. uvv. 
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iliUiiiiii'li'i-i iii\i’iilliiii mI’, ‘JMI. 
Hitiiiil iiii iSiiiH". III'/. 

Iliuii’W, Vll. 

I.’f, IM, Ml. nil. tllil. tIMl. Mn. 
M'l. 'Mi. 

Ili’jiiiUK, ill', 

ll. j’l.rl, •I'll lIMIi 

I liii|!t'i ii,Ytii 1 )i>lii»)ii 

ilr.'.rl.liiitil, '.M'l. 

Ili'iliunii, I in, 1:111, 

lli’linlii'lilii’ lPHi||iliili-li''>*: lit 

di", l',':l. 

H.’ii I'l-'i.i, IM' II. >'"r' n>> 

Hri lilt Ai’H'li’i'i.v ; i H’iilit'ii “fp H'll* 
II. MU’llllll'l. I’.M. 

I l.’i iilim ilv •. ii'l. Ml iil*iiitlii'iH*",77. 

ii.'iiioiiiin, Utiiiii'i. II IV. 

,., 1 '. i.i, ;iiH, mil. linn. 
Il.’itiiuiilli.iliii'i'l'p HIM I'l.'inip 
ll.'iiiiiliilli, .Itiliii. HM' „„„ 

,.if, I.P, nui. iUlM lilt'. ''I' 
11 1’ri. mil. :• I'l. iiMi. iini* ni'i*' 
iil'.n, 

|l.iiiii.nilll!i. Ill" jiiinijii't'. ni 7 . 

H. ilruinl, M'.l. n r. !"■ IlSH. Mn* 
llrtulli', tb', (ttinlilllll. 

II. 


lli’iiHtil, 4118 II. 

nt’lH riiiHtlitiii. liOK. 111)1. 
iifiii, m. m. 

K.v.oiii, :i7‘J. 

Illiatiliurn, 115 II. rof, (n, 1.55, 
IliiiiPiiiiiil 1177 , IIH‘2, 

JtiiiiiiiiiiU lliiuiriHiii liiHdoviivy ol', 
a.5:i. HMj. aiiJi. iiaj, ini!). 


Itiol., .1011. r«(. lo, a. 11117. 1187. 

ili(>l<illi(’fiiil(MiLt)i}jiiit/,,l!i}!), 1)1)0. 

ima. 

U(<|iiii<lviili<i miipi'ixtUy, 1101. 

niKiiliU’K, iaa, 

liii]im«Ino <M|uiilioUH, 1011. 201, 208. 
Ilintli; lira of lliiylii, 270. 
lljl'I'lilKIK Oil AIh-I, 117. 

Mjitiv KiiiiUii: tlw, 115. 118 -0. 
liiWihli; rof. Ill, 'f. 

Ilin|p'*ii law, llHd. 

10(1 H. 

- n-f. la. HH. 12.5, 121). 1118, 151). 
101. KIH. 171. 

lloloitiin; iiiiivcrHlIy of, 120. 11)0. 
iloll/.iiiaini, -lia. rof. tii| 110. 115. 
aOH. 

. - i.)f. U«, lull, 201. 201. 205. ail. 

215. 

Ilitiiaaci, 150. 

ll(H»ainii|Hi|{iii5 rof. lo, x. 151, 158. 
15U. 102. IH5. 

Hipiiilaoo VIII. of lUtioo, I'll. 
il<tok>l<(H'iiui|{ Uy cloiiltio oiiliy, 170. 
IH7. 


ildolo, . 1 : 10 . 

hootli, 112. rof, lo, 'Ilil. 
HtivolmrtU.lia. itilUo, 117. 121. 181. 
noritd, 202. 
lIoHimt} rof. lo, ix, 85!). 
llouitHUivIllo, 818, 

OiiiKiiiol, 112. ’120. 

Iloylo. 2711. , , , ,, 

llriieliiHUioliroHO} iiroblmii of tlio, 
805. UIJI. H U). 8 1«. 8''8’ 
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Ilriiilloy, noo. 
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-- rof. to, 115. '117. 110. 150. 151. 

155. 170. 181. 277. 
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'll; DMitiomlly l»y l-'.iiolid, /iff; nnil 
AijiiSIuuiiih, 71 y. Intonmt hi, 
niviv.d liy wi'iliiiKti ol' Kiijilor mul 
J>(!:-iul 5 iH'n, iiliii|iii)r XIII, Million 
H; mul miliHciniciitly liy TaHcal, 

yr,y ; IlM; Hurt Mtio- 

liiurJii, mio. 'i'HiJiliuonli by 
iiunluvii ii(!iiiiuitr.y| iiliujtUu' XYlll, 
(ii'olinii i!; iiliaiitiir xix, mmilon 4. 
■ luti(oiinH>r, jx, X. 

('niiiiri)iiii(, l!(5H. ;i77. JUKI. 

(^||||'irtll iiml iiplmniirtH, rtfi. 

Ill nl' Ali'xuiiilviii, fin, rUJ. 01, 

(fiiii!ii'tvii.Liiiu (if uiiDi'uy, HUl. ai)7. 


i'uni'timllim Vll, llm uiiiimmi*, lU. 
(Iiiiil.i, illK. 

ciiiiitiiimd ftiuiijimn, yio. y/M. im. 
im, 


(lioiliiiuil.v; Uiiiioiiilo Ilf, yar.. *»37. 
;iii. iiiiH, 

(liiiiVi'iUHiiuy, lUM. Jill'/. lUlt). 
(linmiii'i'uiuiu l''i|i[!)lirtiniuti; Ui<', of 
Niivvtriii, Hill), ItllO, 

<7n]nii'(iiiuiii, 111 ( 1 , 

lui'. lo, HlUH.aOI, l!IVJ.«;!().U3l. 
(.!iiI'|>IImimi]iii' lliiiiii'.v of lifilit, 3111. 

Mi-ii 0|ilii’U (i<liyiiii'trt). 

(lunik, IHM, 

(.'iini'i'iiul; ui-liflii Ilf loriii, aifi. 
diiMliii', liin, yiii, yifi. 

(?iiji iiurlcii fill', H7 h. 

(itiJi *.C5 lU'id'ii [iii'i ’,57rt. 

Cuii'iii' iiii; 111 !', lull. 

(liillllljcrull Iiripiu Ilf li'l'lll, 31/r. 
l!ii1mi|;i'iilii; tiihio uf, lufi, 

• r.r. Ill, !im. iiiiJi. !Mii. lino, m 

(linkii’liT, '.1V7. 

()iiiirv«iii, (iiii'fliiiii] lie, lllU 
(tiilM Iri' nil l-iililiun', Iiyi, 

(liiiU)iii| nlidiiii nf I 3’.IO. 
(ikiuiii-i', mf. (o, nil. iiui. 

I'kMiMunn. 11'.!. I'lif. to, IllJd, 
I'Kifloii, 113. Ulll. 

(!|i'»ilillii, Ul, 

Ciibo; iluplinilbili (if U.3H.JI1. Hi). 
U. 71. ii!l. ’.mil. 

- ' oiIhIii of ]IK. 7!). 

(Iitl'lo uinvr’i, :I3I !l. 

(iiiiiio i'<|iiiaiuuH. m. (ID. uuii. 'm 

yuli. 


Cubic o(iniilio«s, solutions of, 163. 

164. IDS. 194. 198. 199. 200. 208. 
Cubic rooiiii'ocity, 391 . , 124 . 
Ciirvnliu-oj linos of, 39G. 

Curve of quiciMst clescent, 306. 343. 
U-iO. 348. SGB. 

Curves; ureas of. SoeQuailratme. 
Curves; olftfisifioation of. 2J2-3. 
331-2. 

Curves of (lio third degree, 821-3. 
Curves; i-octi(icftfcion of. 258' 280. 
1124. 

Curves; tortuous, 852. 808, 

Cyeloid ; ilio, 266. 268. 271. 272. 

376. 270 . 31(1. 819, 851. 

Cyxlons.; tliescbuol of, clmptor iii. 

D'AIcnibort, 868-5. 

— ref. to, 25(1. 318. .818. 847. 857. 
1135. 3(19. i;7-4. 378. 888. 884. 

DiiUoii, 100-1. 

DfliiinsoUiH, 101 . 

.DaiuiiBous; Creek school at, 140, 
Dnrbmix, 412. ref. to, x. 436. 480. 
Diirwin, 413. ref. to, 410. 

Duvy, 441, 

Ih lieamro, 276. 

1)« lioriillo, CftixUunl, 238. 
lifohual; inlrortuotiou of rtooimal 
IKiiiil or bar, 178-7. 

DeeiinnI fraoUous; notation for, 
17(». 917. 

Dniiiiml mimocation in Inngimac, 
(16. lie. 

— writliiK, 36. 73-4, 147. 160, 169, 
130. 101. 170. 

Dn Ccm'vnn, Oaidinal, 181. 
Dertuhinrt, 413. 

• mr. In, •119.421. 428. 480. 
Deiluoliun ; thavactorislio of Greek 
HiHimclry, 9. 14. 

DofeoUvo niunbui'H, 27. 

Da (hut, 349. 

Du Kuniirtoiii 115. 

Dll riiiliiit), 361. I’of. to, 270. 
Dclniubrc; rof, to, ix. 70. 80. 01. 
1-19. U0«. 386. 

Dwliumuy, 413. rof. lo, '139. 

Du MCrrt, 268. 

Deincuritny, 30, 

Du Moivru, OSH-O, ref, lOj 871. 

]>u Muiiliiuni, 319, 

29-2 
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Do jMoi’fian, -IfiO-l. 

— loA lo, -iH, r,i). f.a. fiJi. fifi. wi. HI. 
]oa. lOH. Kiii. iHS. -m, 

I12i). HIIO. liiJU. n«7. HUH.. 

Doiiillo on niotlimvul 
lUH. 


Do Itolmii, dm iliifco, l!Or». 
Domu'i^uiiH, !iU(l •?. 

— rof. to, aa/!, a.‘Hi. an?. ar*:i. h/ii. 

im. 

DCHCltU'lCH, 

— rof. to, /it. aoi. ail. aiH. aifi. 
sail. aa?. aaii. ana. ar./i. a/iii. 
aim, aiii. aii/i.a7i.ava. a?/i. uvy. 
aH'i. aHi). }!()/>. nin. 


— niloof HiKiiHol', I'.ni. tM'KHIH. 

Dll Hiiizo, and. n.i‘. to, avt). 
DoHtiiu/u on ItiintiiH) aiill. 

Do Morliiinno, Jill.. 

]) 0 XlllU()ll(IH, ll/itl, 

])fltcnninunLn, IWH. JU- 1 . HVa. HVV. 
m. 'iiH. 'laa. .iHa. -ihh. 

Dtiwiilfj Oil. of dr«niHimi, liin. 
DiffovoncoH ; onlonliiii of (liiiio, :i 111 . 

117 a. II7H. IlHlt. -IlHl. 

Difftirnnliiil onlonlim, autl. aHU. 1 I‘.!h. 
IMO. Hit. Ilia. IMA. Hill. iilK. ;iiil. 
IJIIH, -lOH. -lOD. .IHl, 

I'JllTcii'oiiliii] oiiniUioiiH. 117 : 1 . H 7 V. 
HHU. m 11 H 7 . UH. IHIl. -IHI. -llia. 
* 1 ) 1 ( 1 . 

— Holntion of n itiuiinl, of 
(inlid', DA'l. 

DilTorunliHl li'iiuiKloi llio, atili. a 7 <l. 
Jlilfrncilion, HOI. IWl. 

DinourntoH, 4(1. 

DioolitH, 7 H. rof, to, HA. 
l)ionyniun, 211 . 

TliiniywiilornH, HA. 

.DiiiimiinlnK, OH lOH. 

— rof. to, ail, (ifi. ni. Ml. Ifil. 

iHi. 107. aoa. aoii.aiu.aiia.aiii. 
m. 

Dii'uolrl.'C In ooiiIch illNotivoi'oil by 
raiHHiH, 02 . ll!l, 

Dii’lulilol, <m, rof. to, .IIH. 
DiHturbliiK forooH, IlM. 1117 . J 17 (L 
DitLoii, JIRfl. 

I>ivinion; iirocosKiix of, 17a -J 
-- HymIjolH for, Ifrl. 2111 , BH. 
Doctor; ilugrou of, 1111 . 
Dodoonhcavon } liiHcom-y of, 31 . 


jtoibiojl, Win. 

.'iH H:', li l, d-'i. 

Iliiiililt* Ifiii.I, F.i'i {.ini' by, 

lYlJ, IhV. 

l>UI‘lill IIIkI itl.lI.IM, .'liMI, 

HilliijiitC liiF.t, of III. is, 

iiiiiiiii.i', iia-.i. 

|)ii|ilii I'll Ho.i, 

.|l||hlM.|(liii|| n 1 111 ..', Sri> < 'ob.i. 

1 11 . i>l I'liti'i, 

iHiivr, li;i. 

I'imIkMH, l<r, Did, 

hyimoiif/>. I", r Mi l lull ili' i. 

Kdiili; ili'iii.ily >>f, 
iioiinii *•(, H/., 

r»'H l.-l'l III ‘riiiit. !i. III, 

Ditl'i ‘.il S Mil . 1 . r.'lM.'il 111 , i in, 
l'Mli".|iiii ; i'luii Ml Ilf Now. 

ton Ullll ( ‘i'll m, lil'il, 

DiIhIII.I 1 , Ilf IlMj'loMil. lil'l, 
l-Mwiihl Ml. Ilf DiiiiliiOil. Dili, 

Dilwiiiil N’l. i>r Diii!iiMiil. I'll, 
D|!l«'il, Ai.Mii«lii.i>. D.rj. 

K|iv|iiiini iMiiilii'iiiiiiii'i, I III. Ml, 

_ hti. 

r,l'n-ii|.ilu- Mil ilio tdiiiMi I'iHiyriOi, 
K|.ii'ii‘.|.’lM, ti;l. 

r.'f, iM. IIH. tn.'i. m. ly'i’. lyn. 
Dll. 

Kln>ilii< i.|iiii|;; ti)i.Mi.|i .if, aYH. 
Klitxlli'U; tlir, ill'i, 

Klimlli-ltyj llii.iiv i.f, 110 . Ml. 

4 ly. 

Mb-nllo lioliM.,! ; fill., y|i ;ni^ 

Kb-i'iiii Uv, 101 . in,,. Ml. U;' 
•Mil. -Ml, 

Kb oii'iilo I.f Diii'liil, l;i .V,?, 

ri'f. In. it.'., M, /iii, Vil. V'l. lo;i. 
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'Klli|iMo inl.iM i.| jduM. r,, i.-.m, 
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Kliitnbi'llt, all. 

Kmt’imi luo .4 M liM„| Hi, Mil. 
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Mlnim-mn llK-oi'y of 2 qi_ 

<i|itiii(i (iiliytiii'iil), 
lUJl. 

''i>iiiii!rvo(.iiiii of, HtJI. !t')7. 
HiiiMiiotii; 1,11,11,. (,r X. 

'.iij!'’ iiimm; r<li|.ioiHil' IIouhi!!, -IHH. 
I'.ii\i'l.i|iiin; (loloiiniiintioii of, 272. 

HI'.!. 

HO. 01. 

M'liliilily; Ii.vtiiliolil rfir, i). 1)H. 17.| 
IMII. 101. OM. 

: nii'iiiiloiV' I'f, 101. ‘>0,». OM. 

Hi'o Miin|i](i (>nniiUo»n, 
•,'iiuilinlin niiiiitiiHnt, .Vo. 
i‘:'i"t'‘»'i:iilar ii|iiiiil| Uir, Olfi. 
Knil|iiillicrioii, VII 7. lof. In, »«, 7ft. 
mill (Inilioi- oit DimotuUni, 

Mi'iii'S, O'ifi, 

I'itlM'i ; lliii liiiiihiiriivouu, 0711, -Ml. 

i'liii'liil, 'IH oO, 

Ji’f. til, o;!. !I0. <11, K!l. ul. til. 
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Figtu'ato numberg, 252. 
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^ifferoiicea, 310. 372. 378. 
o89, 430, 

Fiori, 193. 198. 
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Five; origin of word, 114 ' 
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— ref. to, 300. 303. 330. 
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Foiitaiin, SeeTnrtaglia. 
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812^' of, 45.’ 217. 

Foraytli, 415. 

Foucault, 442-8, ref. to, 407. 
Fourier, 401-2. ref. to, 805. 
itactions; treatment of, 5, fl. 88 

— contmued, 210, 378. 882. 889.’ 

F rederiok II. of Germany, 102-8 

— Xof; to, 101. 

French Academy, 260, 

Frdnicle, 276. lef. to, 204. 

Fresnel, 405-0, i-ef, to, 407 
Fnedlein; ref. to, 81. 96. 104. 107, 

Frisch edition of Keiiler, 226 
Fnsi; life of Oavalieri, 247. 

Froben; edition of Alouin, 124 
Frobenuis, 413, 436 
Fuchs, 41.3. ref. to’ 4SG. 

Functional equations, 372- 
Fnnotions; cnlculua of, 431, 436. 

Fuss. 3C6. ref. to, 93. 

Galande; the, 270. 
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Galen, 140. 

Galileo, 318-22. 

— ref. to, 190. 216. 225. 228. 23C. 
237. 265. 343. 860. 

Galley aystem of division, 172-4. 
Galois, 413. ref. to, 431. 
Gamaobes, 819. 

Gamma function, 368. 394. 422, 
Garth, 171. 

Gassendi on Ecgiomoiitauus, 170. 
Ganas, 420-3, 

— ref. to, 199. 807. 305. 382. 888. 
390. 393. 394. 396. 418. 419. 420. 
■121. 426. 427. 432, 437. 438, 441. 

— elmraoter of ids analysis, 423. 
Gobor ibn Aphla, 168. 

Qeiscrand Schrader; ed. of Steiner, 
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Geldor on Tlieon of Smyrna, 88, 
Gclon of Syi-aou80, 65. 

Oeminna, 12. 

Generalized coordinates, 378. 
Geodesics, 846, 368. 

Gcomelrical curves, 242. 

Geometrical progjossions, 6i. 68, 
140. • 

Geometry. Egyptian, 7. 8. Greek, 
discussed or used by nearly all 
the matbematiciana oonsidoi'cd 
lu the first- period, chapters 
“•7^; also by Newton, 309. 

— 311; and hla scliool, chnplor 
XTii, section 3: see also Conio 
seetlona. Ai-ab and Modimvnl ; 
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VIII, IX, X. Geometry of tho 
renaissance; characterized by a 
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— Modem, chapter xnx, section 2 : 
obapterxvm, section 0; chapter 
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— hiatories of, ii. x. 12. -02. 104. 

— origin of, 6. 7. 

George I. of England, 340. 

Gerard, 169. ref. to, 168. 101. 
Qerbort (Sylyeator H.), 126-8. 
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